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ABSTBACT 

v| This manual attempts to describe^ n€« treatment 

.m(^fiods, and discuss the application of nev techniques for more 
effectively removing a broad spectrum of contaminants frci 
\ vastevater • Topics- covered include: fundamental design 
considerations, flon egualization, headvorks components, 
clarification of rav wastewater, actii^ated sludge, package plants, 
fixed growth systens, wastewater treatment pcnUs, filtration and 
' micro screening, physical -chemical treatment, nutrient remcval, sludge 
- and process si4estredB handling, disicfecticn and postaeration, 
operation and maintenance, and cost e^^fectiveness, A glossary is also 
included. (Abthor/EE) s 
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FOREWORD 



The formation of t^e United States Environmental Protection Agency marked a new era of 
environmental awareness in America. This Agency's ..goals are nati6nal in scope and 
encompass broad" responsibihty in the area^of airland water pollution," solid 'wastes, 
pesticides, and radiation. A vit^l part of EPA's national wateripoUution contrQteffort is the 
. constant deyelopment-and dissemination of new technology for wastewater treatment 

It is now clear that, only the most effective design and operation of wastewater treatment 
facilities, using the latest available techniques, .will be adequate to meet" the future water 
quaUty objectives and to ensure continued protection of the nation's waters. It is essential 
that this new technology be incorporated jnto the contemporary design of waste treatment 
. faciUties to achieve maximum benefit of our pollution conbol expenditures. 
' ■ ' ^ ' , ■ ^ . ■ .■ ' ■ r ■ ' ■ ' '■ 

I The puipcM^ of this manual is to provide the engineering community and related industry a 
, new source, of information to be used in the planning; design and operation 'of present alid 

• • future wastewater treatment facUities for severed small communities; It is recognized that 
r. there are a number of design manuals, manuals.,pf standard practice'," arid design guidehnes 
: currently available in the field that adequately describe and interpret current engineering 

practices as relarted to traditional plant desigi,. It is the intent of this manual to supplement 
this existing body, of knowledge by describing new treatment methods^ and by discussing 
the appHcation of hew techniques for more effectively removinig a broad spectrum of.con- 
taminants from wastewater. .Vr ' 

Much of the information presented is based on the evaluation and operation of pilot 
demonstration and full-scale plants. The design criteria thus generated represent typical 
values. These values should be used as a guide and should be tempered with sound 
engineering judgement based on a complete analysis of the specific application. 

This manual is one of several available through the Technology Transfer Office of EPA to 
describe recent technological advances and new information. Future editions will be is^ed 
as warranted by advancing state-of-the-art to include new data as they become available, and 
, to revise ^lesign criteria as additional fuD-scale operati#ial information is generated: 

Companion publications describing treatment alternatives for non-sewered communities are 
available in the form' of Technology Transfer Seminar Handouts. They may be obtained 
by writing't . ' . . 

■- ... ■ V:u.s.-EPA ■■ ■ ' 

ERIC 

26W.St.Clair 

• . * Cincinnati, Ohio 45268 ., 



...-^ CHAPTER 1 

INTRODUCTION . ^ 
1.1 Background of Wastewater Treatment 

Historically, treatment of waste>yater in the United Statesl^i been a catchup phenomenon 
employed only when required by existing legislation ^'io^^^p the public health. 
Communities have generally been reluctant to bear the Mgh capital and operating cost for 
wastewater treatment in excess of the minimiLn requirem 

i) uring the 19th century public concern for the effects of raw wastewater discharge on the 
health and well-being of expanding population increased, and communities began to plan for 
*^Md cpnstruct sewage collection and treatment systemsrihes^earlier treatment processes 

ii) cluded screens, grit chambers, settling tanks, anaerobic digestion, Imhbff tanks, trickling 
filters, and activated sludge. Disinfection, when employed, was largely by chlorination. 

In the 1940's ^nd, 1950's, existing^ processes were refined and improved and 'additional 
processes were developed to the extent that they could be put into generi^l use; Included in 
the latter were facultative stabilization ponds, oxidation ditches, ponds, extended ^aeration, 
cdntaot stabilization, high-rate filters, and slow; sdnd filters! Preengineered "package*' 
treatment units came into relatively common use for the less than 1-mgd wastewater 
treatment plant. New processes during these years for shidge treatment included vacuum 
filtration, ec^ntrifugation, and incineratipn. 

^ ■ ' ■ . ■ ■ ■• ■ ■ ■ . ■ . ' ' ■ ■ .' . 

In the 1960's other new^processes emerged, including aerated stabilization ponds;, rotating 
biological disks, aerobic digestion of sludge, microscreens, physical-chemical treatment, 
phosphorus and nitrogen removal, and wet oxidatipn of sludge. However, some of these are 
not yet used extensively for smaller treatment plants. For many years, the disposal of 
wastewater (treated or untreated) into surface waters was considered a legal use of such 
waters. Also, disposal of sludge and wastewater on the land, irrespective of its effects oii the 
soils or underlying ground water, was considered acceptable. As these practices increased Md 
the self-purification capacities of waters were exceeded, more and more nuisahce conditions in 
surface waters became evidentV • _ 

Water pbllution control laws were passed (Water Quality Act of 1965) to maintain water, 
quality standards that permitted accepted water uses for the receiving waters. Under these 
laws, the States established the best uses for the different receiving waters within their 
boundaries, and required only treatment of wastewater sufficient to meet the specific 
receiving water quality standards. The Federal Government then established guidelines and 
reviewed plans of facilities that were to be partiaUy financed by Federal funds. This method 
of pollution control proved inadequate, since the condition of surface and ground water in 
niany locations continued to deteriorate. Eutrophication, fish kills, oil spills, ocean waste 
dumping, and damage to ecosystems were-^coming excessive, and public groups became 
more insistent on better control of wastewater discharges. ' 



Under the 1972 Federal Water Pollittion Control Act Amendments, all publicly .owned 
treatment facilities must nieet, as a 'minimum, Federal, secondary, treatment effluent 
standards, in addition, where. State receiving water quality standards require even' better 
effluents, advanced treatment »must be given for further reduction of such pollutants as 
pfiosphorus, ammonia, nitrates, compounds of chlorine, toxic substances,^excessive oxygen 
demands, or excessive solids. The reuse of wastewater, after treatment, for industrial uses 
»and irrigation is becoming , more commori. Other water conservation measures to reduce the 
amount of wastewater receiving costly treatment are also beginning to appear. Some surface 
waters th^t receive treated wastewater are now showing improvement and beginning to- 
return to their natural^ quality. ' ' - 

1.2 Small Plants ; ' ♦ 

Treatment plants smaller than 1-mgd c^acfty and their discharges havfe" not received a^" 
much, attention by conimunity; State, or Federal governments as the^'la^ger, metropolitan 
plants. Small community budgets for operation and jnaintenance of their treatment plants 
have often been* given* a low prioijlty, resulting^n part-time pperation^by inadequately 
Vtrained personnel. Tlie result has been the proliferation.df many small unreliable treatment 
systems that too often do nat meet Wfluent requirements.. ' 

SmJ^ller |)lants are often located on smaller streams or takes, <5r serve recreational areas- 
wK^re, r^^ceiving water c^iiality is very high. In these situations, the discharge of inadequately ' 
Veated^ wastewater from even the smallest plants for a relatively short period can cause 
severef' damage. Small plants jnust therefore be designed, constructed, operated, and 
/maintained as effi^ . V ^ • 

1.3 Goals . • 

The^desi^ goal for small wastewater treatment plants is to meet Federal and State effluent 
and watfer quality standards reliably while: , 
■ . " . ■ ■ ■■ 

1. Utilizing processes that require a minimum of operator time, 

2, Providfng equipment that is i-elatively maintenance* free 

3: Operating efficiently through a wide range of hydraulic and organic loadings , 

4. Using a minimum of energy 

5. Meeting emergencies, , such '^s biological process upsets and equipment failures, 
vC'ithout damage to the receiving waters, or to Ihe soil if disposal is to the land 

6. - Conserving and improving environmental factor^ and natural resources 



• v CHAPTER 2 * - 

FUNDAMENTAL DESIGN CONSroERATIONS 
2.1 Introduction ^ 

The purpose of a wfctewater treatment works is to remove impurities to such an- extent 
that the treated effluent will meet State and Federal requirements and be suitable for dis- 
posal or reuse. Both the process of removing objectionable constituents from the waste- 
water and the final disposal must be accomplished in an erivironmentally acceptable manner. 
This chapter describes the more important factort relevant to meeting tiiese goalf 3t smaller 
treatment works and how they are considered in th^ overall design. 

. 2.1.1 Fundamental Approach . ■/ • b 

The design of a waste>yater treatment plant.is based on the expected volume and kind of 
raw wastewater and on the required effluent limitations. The^initial design step, after 
probable influent characteristics and effluent requirements have been determined, is tenta- 
tively to select alternative pracesses to -be used' at the available treatment plant sites. Thjs 
part of the design" is 'perhaps the rnost crftical. because it necessitates a complete analysis of 
the coUected data, as \w5iras an^ understanding ofUach and how each 

williit into the oWr?dI desifen.l . • , /; • ' - • ■ " • 

• V 2. 1 .2 Design Diff^erences Between Sntall and j^lge Plants 

Small wastewater treatment,plants are used in locaUties where it is not possibl|dr eco- 
riomicaUy feasible to connect to a lafger wastewater treatment system. Clim Je%pography, 
' distances between communities, and poEtical boundaries are also considerations'in choosing 
Van independent small treatment plant. Sometimes a community must pretre|r ii wWe 
before the waste can be discharged to a centralized system. LocaUties whei^ smS^plants are 
used Jwould include farms, isolated^ rural homes, fishing and hunting cabins, resort areas, 
■schools, suburban housing developments, trailer parks, highway res^ areas, tourist parks,' 
. work camps, hospitals, and ports. Tfus manual is primarily conQemed with the domestic 
wastewater from small communities, although many of the same principles apply to treat- 

• ment works for any type of ii>habited locality. 

The fluctuation in volume and the characteristics of wastewater discharges cause more diffi- 
culty for a small than for a large community. Wastewater flow from smallHJommunities will 
goneraUy have greatly accentuated peaks and mliiimums. Small spurces sometimes exhibit 
a much stronger Waste in terms of suspended sbUds, organic matter, nitrogen, phosphorus, 
and/or grease, particularly if septage is added to the wastewater being treated. Toxic mate- 
rials may be present in septage but can often, if,pretreate4, be handled by a properly de- - 
tigned smaU plant. Seasonal variations in flow^ because of high groundwater level (which 
could more than double the flow for several months) can make multiple treatment units 
necessary at small plants. Some processes are highly sensitive to temperature or precipita- 
tion and tiius cannot be used in isome locaUties. A more detailed discussion of these 



variations, including causes and effects on a plint , is given, later in this chapter. . . / 

The operation and maintenance requirements tf treatment plants also vary with plant size. ^ 
Usually, the.smaller the plant the smaljer the budget for operation and maintenance. Larger 
plants can more easily justify employment of L full-time crew to operate^and maintain the. ^ 
plant; however, in some smaller plants only a .part-time operator may ^^e ec6nbmically . ; 
feasible. Possible solutions to this problem wil|l3e discussed in Chapt - ' - 

Small wastewater treatment plants often must meet specific effluent requirements, espe- 
ciaily if I) the ^uent is discharged to a small' watercourse, therefore requiring a higher 
than secondary degree of treatment ; 2) the effluent will be^'directly. or indirectly reused ; or ' 
3) the effluent-receiving'stream requires the removal of a specific cjjnstituent. . . ; v 

In summary, effluent requirements', variations in the flaw and the characteristics of the 
wastewater, availabiUty of well-trained.operation and maintenance personnel, plant location, . 
•climate, and availability of funds are tfie^ major factors to be considered in the design of a. 
srtiall plant. . . 

■ V* • ■ • . ■• ^ ^ , .. . . 

2.13. kjesig'n'PeriodS and Stages ' 

It is general engineering practice to select a design period of _10 to 20 years from^the initia- 
tton of the dbsign phase for wastewater' treatment works (1), Sometimes, the design period _ ^ 

: for :sma|l 'plants is only h tb 5 years. (An example df tWs would be the.i;se bf small |)lants in . 

'laborban areas to 'meet effluent Umitatidns until interceptors and. centralized metropolitan 
treatment facili^es.are constructed and placed in operation.) In selecting a design period, 
the design ehgiif er must weigh factors such as the type and degree of expected community 
development, current ancfprojected interest rates, the economic level of the coipmunity in- 
volved and its willingness to pay for waste\yater treatment. ., 

An bverextfended period .would result in excessive expense which could h^ve been deferred 
for several years for unused capacity. Consequently, the plant woultV operate- at less than 

• peak iefficiency because of underioadf g. 6n the other hand, too short a period would result 
in a 'plant thai 'might be overloaded in a relatively short, time, and a design that could not 
take advantage of any. possil(le "economies of scale." A slfehtly underloaded plant is better 

' than an overioad^d plant, particulariy if overioading may cause degradation of the environ-^ 
ment; therefore, -care- must be taken, to insure that the plant is safely adequate. 

An efficieivt^^^ approach to this problem is the use of stepped development, to increase the . 
range ofpossible designs and still allow rural or underdeveloped communities to construct 
thi^mial facilities. In this way, the financial burden on the existing pop\ilation is reduced, 
^and the plant can develop to meet community needs. Many of the available packaged plants 
(prepngineered, factory-fabricated plants) have been designed with this in mind-they can be , • 
expanded by adding similar: units, by using initially^ unused compartments, and by adding 
•-different units that improve the degree of trfeatment. Some of these' packaged plants can be 
'used temporarily in one location and then moved to another if designed for such use in 
inultiple locations. : . • 

" • , ■ --V' 2-2 ■ " - .. ■,■ ■ ■• , . '■ 
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Another reason for not dfesigning for toolong a time is that many of the treatment units 
. used in smaller plants are standard items that are Constantly being improved.' Such improve-" 
ments mean. piany of thp'units becbme^inefficient (compared to newer Units) with time, and . 
. must be phased out of production, and can result iti problems in teplaciog or fepairing worn 
or broken equipmerit. .v • 

, 2- ^ -4 Site Planning and Other Environmental Considera^^ ■ • 

traditionaUy, site and route selection for wastewater colleJtion and treatment faciUties has 'i 
been boncemed priAiarily with sites thap^6^1d^eW the flow of wastewater by gravity. " 
It has men been possible to locate treqjment planti in isolated areas where occasional plant 
nuisances would not seriously affect adjacent' neighborhoods. Spreading urbaiyzation, how- ' 

^ever,/^d the increasing heed to provide wastewatel treatment within. existing urban^ ^ 
would require the use of sjtes in, or rights-of-way ihrough, developed heigl^bofhoods Mid 

• commercial areas. ' ■ / . . ' 

•■ ■ ■ r ■ * ■, 1 ■. ■ /■ • 

The objpctive an environmental assessment, as npw required by Public Law 9 2-5 00 ^ is to ' 
minimize any possible ;ad verse effects bf the faciUty dn the environment. An environmental v 
■ assessment isno^only concernedSvith^theland use planning and zdnirig aspects ?fsi'tij\gbut.^ 
. ^so wjth odofTair pollution, 'noise, lighting; aji^eitural deaigi^ lajtdscapinig^ and. otiiirJi' 
envirorunental factors. . ; " '. ■ , ] . • '■ . . - • 

" ' ■ '"'S ■■"■' ■^ ■■■ ■ ■ ■ ■■■5^ ^ ' 

An environmental analysis of a site,, which includes evaluation of ti^ physical, ecological, 
esthetic, and social aspects.of the environment existing at the Site, provides the basis for the 
design of alternative solutions. In additiori, requirements for existing and proposed land use, 

zoning, and .planning must be considered in developing tile alternatives (2) (3). 

■ ■ ' ' ■ . ■■' ' ■■ ' ' - ■ ■ - ■ ' ■ " - . 

The environmental evaluation process should begin early in the planning stage. First, it takes . , 
a substantial period, of time to do an adequate environmental evaluation, even in- cases in 
which the.total amdunt of effort required is .small.-(The fengthy period results from delays 
in assembling' pertinent data, interviewing people, observing" environmental conditions - 
several times during a year, etc.). Second, the environmental evaluation should have, some 
impact on the initial assumptions and on the. development and screening of alternatives . 
before facilities design is begun. I 

Alternatives may involve various feasible sites,' flow rediidtion measures (including the cor- 
rection of excessiv© infiltration or inflow), the treatmeU <if overflows, alternative system 
eonfiguraticuis, land treatment or reuse of wastewater, pkased development of faciUties, or 
improvements in operation and maintenance.' The U.S. EPA requires that such alternatives 
be considei-ed for any project in order for it to be ehgible tor fundin^^^ 

The alternatives myst be judged in terms of their net enkronmental effect. Treatment of 
poUutants should benefit the .local. water quaUty problemp^atement practices to restore 
surface water should not'shift the eiivirohmental problem to other.media such as ground- " 
water, which is. more difficult, to treat (3). Emphasis should be focused on preventive 
measures as well as on ab^ment>or corrective itteasures. 
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Tobeconaderedaremultipleuse offaciUty sites and rights-of-way, such^ . 

Pumping^tations • ' Power generation stations; 

• Pedestrian and bicycle path^ , Transportation centers ^ - - • . 

Municipal incinerators .. Training centers , - 

.Ecosystems and conservation i^eas ■ -Emergency pubUc medical facilities 
Police or fire protection uniU Recreational open space . ^ 

. Public works garages ' Waterfront access • ^ • 

•«"'*'.,'■■■. * . . ' • . ' . * ». ' ■ 

• • . * • . _ . ' • . , • : a . • . • • . * ■ 

: The possible impacts, both beneficial and detrimental? of the intetQeptor and sewer systems 
on land Use development must be considered in the design of these%stems/ Growth in an 
area also may be stimulated beyond the existing fate of growth after wastewater collection 
' . -and treatment faciUties are constructed.. On, the other h|nd, if wastewater facilities are not 
. adequate, or are not easily accessible, growth will mOst likely be stifled. Efffects of proposed ^ 
.^^ construction on both short- and long-range development should be evaluated in the siting ' 
^analysis./ ^ ^ ; . ' - ■ 

J Conservation of energy .is as ipfportant as coriseryatibn of moijey. Sdm^ processes, such as 
7;ppnds, Use' little, energy. Designing structures to minimize, heat loss is imp6rtant. Under-; 
' ^ ground structures can be kept at a uniform temperature more easily than structures above 
ground. Maximum advantaW^uld be taken of the sun, topography," and of windscreens 
to reduce freezing arid chillingr . • 

Federal , effluent . requirements and State receiving-water qiiaUty standards can^only be met 
'by'sizing wastewater faeiUties to meet the" demands of the community nfeUably, at least until 
the next stage of' construction is expected to be completed. Cqsts of unused standby, 
capacity to be paid for with inflated_currency.must be considered in di termining the design 
period. , ' ,• ^ ..; A 

Flow predictions must be based on.existing and probable future zpning\nd land use, and 
should consider local, regional, and St4te land Use, transportation, utiUty, and business or 
development plans. Dtfferenc& s bet^en. ex isting land use and proposed plans should be 
reconciled with the appropriate piiblic pTanning and engiiieering agencies and interested 
citizen groups. Prediction of growth patterns and. regional configurations; with their 
attendant wastewater flows, requires reasonable estimates of;,both low and high options, 
verified by local regional Officials and private deveiopers.^ ' > - 



Some of the more important environmental factors that may be affected if a waste>yater 
facility is not satisfactorily^ designed, constructed, maintained, or operated are listed below. 
A discussion of these factors is t>resen^^^n reference (1). • / \ 

1. Locating the facilities in a, lo^tion compatible with such works. 
' 2. Arranging the landscaping and architecture so as not to disturb neighborhood 
. esthetics. ' ' 

3. Designuig the facilities so as not to interfere with flood plain storage or with, 
natural drainage. - 
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4. Utilizing constniction methods that do not affect the native ecological systems; 
cause aiP pollution, erosion, or flooding; excessively, excfcd the ambient noise • 
level; or cause damage during blasting and pile driving ope^tions. 

5. Scheduling trucking or truck routes compatible with, existihg conditions. 

entran^ie (^«.poUuted water overflows prjeakages into surface or 
. s^;^rface waters. . / «. 

7. Siting construction and operation Ughting so as not to caUse a nuisance, 

8. Designing facilities to prevent the escape of odors or air' pollutants, and prbvlding 

means for control of potentiai odors or of air pollutant emissions. 

9. - Designing facilities to prevent noise level's detrimental /to the neighborhood or to 
' the workers. . . ' J / ' 

>b. -Providing for efficient operation and mairiten^ce of /the facilities and groynds in 
a manner that will not have an aSvierse impact on the Environment. 



F^or more infonnation on site planning, see references (2i through / 
2.2 . -Area Served < ' ' 

Tl»e area served by a.smaU treatment plant plays a significant part in the deteiminati6nof 
flow and wastewater characteristics. The limits of this area may be defined by natural 
drainagp basins, political boundaries, specific wastewater treatment requirements, or any 
combmation of these. Within this area, the existing and planned future land usb and accom- 
p^ymg resident population are the prime determinants in estimating the expected volume 
and characteristics of the wasWater to be treated. 

First, the existing land 'usage must be assessed and any available Bata collected; In portions 
of the , ^ea that have reached saturation population or are completely developed with com- 
mercial or industrial sites, only existing data may be needed to determine expected waste- 
water flow and its probable characteristics, unless the area is expected to be redeveloped. . 
If redevelopment occurs, the changes in land use may change 'the flow and characteristics of 
the wastewater. . ■ ' 



Most small wastewater treatment faciUties are located in rur^ f^! suburban areas where large 
portions of the service area are underdeveloped or being de\rei(Sped. Bo^'th local and regional 
trends in development of the area, as w^ as possible future expansion of the plant, must be 
examined. Local trends should include the economic development and xdt^nge in'tax base 
relative to construction costs and taxes. Regional trends" shoUld include the location of 
various economic activities such as shopping areas :or industrial parks, therateof growth for 
suburban areas, changes in political boundaries, possible annexation or service agreements 
with pther communities, status of transportation systems, and possible use of other regional 
utmties. Other sources of this information include regional plans, zoning maps and reports 
engmeering investigations,- reports by regulatory agencies, and actual investigations and. 
examinations of the area. * . , ' 

Much of this information on area development should , b6 availa*)le in the comprehensive 
State, region, and community wastewater planning reports required under Public Law 92-500. 



2.3 Population Served ^ r 

Population is a major factpr affecting wastewater flow and characteristics, and the density. . 
of the population living or working in ah area has probably the mo^t significant immediate 
effect Other factors related to population, sith as socioeconpmic status, iiowever, can aiso v 
affect the wastewater quality and flow. ' , ^ ./ 

^. V ■ . • , • - • . • ^ • ■■• . • . - V ^ ^ 

* .2.3.1 Population Data' * - ^ < . ' 

Population data are available from many sources: ^ ' , • / . 

1. U.S. Census Pureau reports. \ • ; . „ 

2. Planning agendes (including municipal. State, regional, or county agencies)., 

3. ^Utility rejcords (installation records from telephoiie. electricity, gas, water, and 

Nvastewater Utilities). - \. j , 

4. Building permits. ( ':* • 

5. School records. ; 

'* 6, Chamber of Commerce. ■ ' ' . 

7. Voter registration lists. a / 

8. Post Office records. ' . r . , . 

9. Newspaper records. / . . v »^ 

, 2.3.2 Changes in Population 

There are three primary- causes of change in population: 1) the birth rate, which is affected \ 
by cultural norms, sociopsychological factors, and. socioeconomic status; 2) the deathJtate, 
which is affected by/living conditions and available medical technology; and 3) migration, 
which il affected .by people tryihg to improve their Hying conditions by moving in ta or out 
of the community. • 

Some qf ;fhe factors involved in population^ migration are the desire for better economic 
opportiTpihes,:- the availability of land for development, and the desire for benefits available 
iri^ a neW area'(such as transportation for workers, materials, and products; education; and 
j)ublic utilities).* The initiative shoNvn by a municipality for planning housing developments 
and for attracting n^w industry is also an important factor in population migration. 

. 2.3.3 Population Projections r ' . . . 

Population projections are -the basis for all major planning decisions, and adequate time 
should be allowed for this inipbrtant, work.' For wastewater treatment plant design, projec- 
tions of future populations are used to calculate expected quantities of wastewater^ and its 
constituents. The methods commonly used in population projections incliide: • ^ 

.. ■ ■• ^ y - ■■■ 

*•.*'■•■ ■"•''■■',*' ' * 

■1.. Graphical. ' . V 

^2. Mathematical (arithmetic or geometnc). , 
3. Ratio and correlation. * . 



4. Component. ' 

5. Eniployment forecast.;^ , . 

■ ' . •• , • ■ ' • ■* ■. ■ ' ' \ ■ ' ' ' ' ■'■ . •• - • 

^ Th^e selection of a particular method will depend on the amount and type of data available 
-and the characteristics pf the area itself. Regardless of the method used, most experts agree 
that^ accuracy of projections is an inverse function of length of period, area, size, and 
ratrtrrpopulation change. The area served by a small plaht, although normally small, may 
c^ge at a high rate. Great care should be taken in, forecasting future trends. To aid in the 
. selecfaon of the best method for use- in a giVen area, the designer should consult references 
<8),(U(14),(r5),and(16). \ ■ • / . . 

2.4 Wastewater Flow . v ■ * • . ^ * 
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The stan^lard base reference in. sizing wastewater treatment -units is the average daily How- 
the tot^ quantity of Uquid tributary to a plahTinTyear Xlivided^by the number of days in a 
year. Design average flow is the annual average daily flow during the last year-bf a given 
design^enod. Maximum daily flow is the laigest yolume expected during a 24-ho\ir period 
of the iifisign year; peak flow is the maximum, expected flow during that period. Minimum 
-daily flm^ IS the smallest^volume expected during a 24-hour period of the year- extreme 
njinumifn flow is the mihimum expected flow during that period. Peak flow is important in 
the Mrdrau^c sizing of conduits and other units to eliminate flooding: The maximum pump- 
ing/capacity will normally be estabUshed by the peak flow. Minimum flows are important in 
"'■'ng conduits to prevent settling of soh^s at low flow. Average flows ate used for sizing 
IgehandUng^ determining chemical quantities. A description of the various 

.^vvsTalpng withlheir detenijinatiori and use, is given in su^^^ 

An analysis of wastewater flows from smaller communities in Texas was completed in .1970 
(17). 'Theseiaverages are plotted in Figure 2-1. Figure 2-2 shows the av&rage daUy doi^esti'c 
wastewater ilow rates as a function of average assessed property Value in 1960 and popula- 
tion size (18). Figure 2-3 shows peak and minimum flow' rates as a function of population 
size and average assessed valuation of property in 1 960 ( 18). ' 

The first of two basic methods of estimating wastewater flows is to gage the flows in an 
existmg . system and .project these flows for the expected development of the area The 
second- method is to estimate the total flow from each of the various components of the 
served area, such as domestic, commercial, institutional, industrial, /tohnwater, and ground- 
water contributions. Wastewater flows for the various componeiils ire often estimated using 
the- average values from one or more of many references, as shown in Tables 2-i 2-2 and 
2-3 (19).'0flier similar tables can be found.in references (20) and (21). These vdues have 
been developed only as a guide. The actual values can vary greatly, depen'ding on factors ' 
that will be discussed below. In all cases, any values used in the design should be checked 
with the regulatory agencies. ~' . /" 




*AVERApE GE;OMEtRIC DEVIATION WAS 
APPROXIMATELY 1.4 TO 1.6. 



FIGURE 2-1 

EFFECTS OF POPULATION ON : ./^'^ ^ 
' WASTEWATER FLOWS IN TEXAS (17) ' \ 

: . • - ";-.-,.\v :--2-6'^- ,'/,N;. V..- 
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AVERAGE DOMESTIC WASTEWATER? FLOW RATE VERSUS POPULATION 
ASA FUNCTION OF AVERAGE ASSESSED VALUATION OF PROPERTY IN 1960 (18) 




POPULATION, PERSON? 



• FIGURE 2-3 - ' 

UPPER AND LOWER 2.5% PREDICTION LIMITS fX^AVERAGE DAILY - 
' AA/ASTEWATER FLOW RATES VERSUS POPULATION AS A'FUNCTIQN OF 
AVERAGE ASSESSED VALUATION OF PROPERTY IN 1960 (18) 



■■'('' •TABLE 2-1: ■■ 

QUANTITIES OF WASTEWATER (19> 

■ ' - ■ • / ' 

V Gallons Per Person Per Day 1 

' Type ofEstabUshment * ' (Unlgss Otherwise Noted) 

Airports (Per Passenger) * ' v 5 

Apartments^Multiple Family (Per Resident) , 60 ' 

Bathhouses and Swimming Pools , ** jO 

Camps ' ' 

Canipground With Ceritral Comfort Stations 35 

With Flush Toilets, No Showers 25 

Construction Camps (Semipermanent) 50 " " 

• . Day Camps (No Meals Served) 15 *. 

Awort Camps (Night and Day) With Limited Plumbing . 50 - 

^uryCamps 100' 

Cottages and SmaU D wrings With Seasonal Occupancy* . 50 

Country Clubs (Per Resi^nt Member) " ' joo •' 

Country Clubs (Per Nonresident Member Pi€sent) . ^ 25 
Dwellings ' • 

Boarding Houses 

.Additional.forNonresident Boarders - — '• — iq-- - - — - - ^ 

Luxury Residences and Estates ' , 150 

Multiple Family Dwellings (Apartments) ' 60 * 

■ Rooming Hous.es / " 40 
Single Family Dwellings j - ' 

Factories (Gallons Per Person, Per Shift, Exclusive of" : \ 

Industrial Wastes) 2^ 

Hospitals (Per Bed Space) - 250+ " 

Hotels With Private Baths (Two Persons Per Room) go 

Hotels With Private Baths 50 

Institutions Other TJian Hospitals (Per Bed Space) 125 - 

Laundries, Self-service (Gallons Per Wash, i.e.. Per Customer) 50 

Mobile Homes Parks (Per Space) , 250 
Motels With Bath, Toilet, and Kitchen Wastes 

(Per Bed Space) 5q 

Motels (Per Bed Space) , 4q 

Picnic Park§.(Toilet Wastes only) (Per Picnicker) 5 

Picnic? Parks With Bathhouses, Showers, and Flush Toilets 10 

Restaurants (ToUet and Kitchen Wastes Per Patron) jo 

Restaurants (Kitchen Wastes Per Meal Served) 3 

Restaurants Additj^onal For Bars and Cocktail Lounges 2 - • 
Schools . ' . . 

^^^'^^"g 100 - ' 

Day, Without Gyms, Cafeterias, or Showefs 15 



TABLE 2-1 (continued) 

QUANTITIES OF WASTEWATER < 19) 

^ . Gallons Pfr Person Per Dayf'l 

: Type of Establishment (Unless Otherwise Notedj 

Schools (continued) • ^5 . 



Day, With Gyms, Cafeterias and Showers 
bay, With Cafeteria, But Without Gyms, or Showers 
Service Stations'(Per.|^ehicle Served) 
Swirnming Pools and Bathhouses . 



"lowers . 20 

10 
10 



Theaters ' ' * 

Movie (Per Auditorium Seat) 

0rive-in (Per Car Space) . 
. Travel Trailer Parks Without Individual Water and Sewer 

Hookups (Per Space) . . 

Travel Trailer Parks With Individual Water and Sewer 
Hookups (Per Space) • 

Workers / <n 

Construction (at Semipermanent Camps) / , 

: Day, at Schools and Offices (Per Shift) 



5; 
5 

50 
100 



15 



1 1 gallon/person/day = 3.785 Uters/person/day. 



Type of Facility 
."-7- 



. \TABLE2-2 
PACKAGE TREATMENT PLANT SIZING DATA (ll) 



'It,' I ' ' ' ' 

Aiiports (Per Passenger) : ' 
Airports (Per Empioy^^^ ' 
Apartments-Multiple Family / 
)arding Houses 

Bowling Alleys-Per Lane (No Food) 
Gampgrounds-Per Tent or Travel Trailer Site- 
Central Bathhouse, 
dunp8-Coflstruction.(Seniipermanent) 
Gamps-Day (No Meals Served) 
Camps-Luxury 

Camps-Resort (Night and Day) With 
:■■ IJnuted Plumbing 
€hur<iies-PerM 

Qubs-Country (Per Residenf Member) 
Clubs-Country (Per Nonresident Member Present) 
CowtSj-Tourist or Mobile Home Parks With 

Individual Bath Units 
Dweliings-Single-Family 
Swellings-Smdll, and Cottages WitS, 
■Seasonal Occupancy' 

Factories-(Gallons, Per Person, Per Shift, ' 
. Exclusive Sf Industrial Wastes), No Showers ' 
Add for Showers ^ 
Hospitals . 





DUU5 


gpcd\ \ 


V lb/cap/day2 


■ . .5 : 




• 15 


1 0.050 


75 


r\j 0.175 


' jU 


y 0.140 




A .1 PA 

0.150 


SO 


0.130 




A '1 Ai\ 

0.140 ' 


K 


* ' A A^ 1 

0.031' 


inn 


^ A ^AO 

Oi208 


■ 50 


' 0.140. > 


. • 5 , , 


0.020 


100 ' : 


■ 0.208 


■^■■25' 


0.052 ' 


50 


0.140 


75 . 


0.170 


.50. , 


0.140 


25' . 


0.0^3 ' 


10 


0.010 


2503 


0.518 



», TABLE2-2 
". • PACKAGETFlkATMENTPLANfSIZINGDATA(2lj 

Type Of Facility ■ FlowRate ^ JODj_ 

: ' . ' gpcd^ ' Ib/cap/day^, 



.60 : 'OTfi? 

125 0.26,0 

400 varies 

40 0.083 



Hoteb-WithMvate Baths (Tw^ 

iMtiteiteiB-OtheiThanHospa^^^ 

Laundlbat ;■ , 

Moteb-IPer Bed Space) •1^^ 'nu'ri 

Jfotel8-WitliBath,Met,andKitchenWa?te8 0 , J™ 

bffices-NoFood . ■ . , , ' ' ; • ' 
Paito-h^c (Toilet WastesOnly)' ' ^ 

i (GatePerPiaiftker) ' 5 . • 

ItokHKdiiifithBatl^ '. 0 021 

FlushToilets : ; 'J : • 

Restautants^Kitdlen Wastes PerMealSeived). ^7 

Restmts-(ToiletMKitchenWastesPerPatron) ...^ , IP ' "'"J' 

Restamts-Addltional forBaB and Cocktail Lounges 3 - » 

'< I 100 , ^'^^O 



SDortsStadiuitis 

ERJCi 



20 0,042. 
25 , 0.052 ^ 



SchoolSay,Wi& - H 

fa-Day, With Q^^^ 
Schools-D.ay, With atebrias, Gyms and. S 

Seiviceitations-(Per Vehicle Served) / 12 

ShoppuigCenters-(NoFood-PerS^ 0 ^ ^ ^ 



Shopping ftnteis-(PerEniptoyee) , ■inn ' 0 832 

Stffles-<Per Toilet Room) '•JJ '^jy 

Stiniiii|ngPool5andBatMiooses « . . • 



,: • ,'; TABLE2-2 

PACKAGE TREATiNTPLANTSMG DATA (21) • ' , . ■ ■ 

■ ' • ■ Jhocktail 

Type of Facility , FlowRati ' BOD5 ': Rioff ■ _rf 



lleate-DriyHnw Car Space) 
Theatres-Movie (Per Auditorin Seat) 






J ' 

gpcdi 


lb/cap|daf 

' ' ' ' ■ • *, 


• 

hr 




,0.010 


6 > / hi^ 


v: J-.'- 


■,0.010 , 






, 0,350'' ,: ; 

t 


,16 Mm 

s 

' 'it* 









'The shock load factor would be difficult to quantify, but is included as an' indication of possible conditions causing high flow or 
strong concentrations. , r 



Class 



5ubdivisi(jfts,Better - 
Subdivisfe Average ; 
Subdivisions, Low Cost : 
Motels jotels, Trailer Parks 
Apartji&Hduses 
RiMorts, Camps, Cottages • 

Hospitals, ' ; 
Factories,or Offices 
Factories, Including Showers 

Restaurants - ' 
Schools, Elementary 
Schools, High 
Schools, Boarding 
Swimming Pools 
Theatres, Drive-}n ' j' 
Theatres, Indoor , 
Airports, Emplqyees- , 
Airports, Passengers . 



• * pLE2-3 
TYPICAL DAILY FLOWS AND BOD CON^^^^^^ 



Persons 
per Unit 



.35- ' , ; ' 

3.5 
3:5 

2.S, ■ ' 
2.5 , 

,2:5;'. ' 

Per Bed 
Per Person 
Per Person . 
Per-Meal , 
Per Student , 
Per Student 
Per Student 
Per Swimmer ■ 
PerStall 
Per Seat 
Per Employee I 
Per Passenger 



, Daily flow 
gal/p'etson^ 

, leo 

90 

■ 70 
50 

200 

, 20 ' 
25 

• 5 
15 

■ 20' 
"100 

i 

. ■ • 5' 
' . 5 ■ 
, 15 



BOD 



0.17 
0.17 
0.17 
0.17 

o.r? 

0.17' 
0.30 
0.06 



0.02' 
0.04 

OiflS, 

0:17'. 

0.03 

0.02, 

0.01 

0.05 

0.02 



oV 

0.20 
0.20 
0,25 



0,35 



0,06 



0,06 
0,20 



Ib/perspn 

Average ; Grinder Wastewater BOD 




205 
220 
290' 
400 
225. 
400- 
200 
360 
340 
450:; 
320 
360 
205: 
360 
450 
250 
450 
480 



TABLE2-3 




■,>'*■■ 



■ - ^ ' :. ' ' , BOD ■ • 

J. ' '. ' lb/person: ' . , , - ■ 

With GarDage Average, 

. f ally Flow Average Grinder >. Wastewater BOD 

gal/person^ ..■ mg/P . 

15 ■ ' ' 0.05 - ■ 450 < • 

2 ■ 0.01 1. T , 80O , ■ 

100-250 ■ ;■ 0.56 to 1.66 650-2000 - 

5-10 0.01 , - . \ 250 

,100' .: 0.17 0.25 205' ,. 

■ 50 . .0.17 0.20 .400. 

100/ ^ 0.n 0.23 . 205 ' ■ 



' Consult with your State and local health department or pollution control agency for specific data. 
2l'gal=3J8S'Kters.^^^ ' 

JiibBOD=o.454igBoa ; . • " , ^ : ' 

V , ' ' ,.' , j' ' ■ . ' ' ' ' ■ ' ,; ' ' 

"'E^\y'. .V' . V' ^ 35' ' r:' 



■. ,. ,4." .Persons ■ 

■ Cte . 1^, ' ' . per Unit ' 

■ S ■ ■ ..■.■■.„■;,« • ' ■ 

Bars, Employees ' Per Employee 

Bars, Customers v Per Customer • 

Dairy Plants , ' Per l^lb Milk 

Public Picnic Parks Per Picnicker 

Country Qubs, Residents . '^r Resident 

Country,Clubs, Members ' ; Per Member 
Public Institutions . ' 

(nonhospital) PerResident 



■ . 2.4.1 Domestic Component ' - . . 

The average wastewater flow from small residential areas is normally derived from the 
population density times the estimated per capita^ wastewater flow rate-. If available, water 
records may be used, to deterrain& per capita consumption, and from this, per capita Syaste- 
water flow can be^estimated. The proportion of municipal water suiiply that reaches the 
sewer is normally about 60 to 80 percent of consumption, depending on climate (20). How- 
ever, the percentage can vary from as low as 40 to greater than 100 and is affected by such 
factors as leakage, lawn sprinkUng, swimming pools, firefighting uses, consumers not con- 
nected to sewers, infiltration, and water from private sources discharged to the sewer. ^ 

2.4.2 Commercial Coinponenf 

In small communities with only a small aniount of commercial development, the com- 
mercial contribution, can be assumed to be included in the per capita domestic "wastewater 
flow. In areas where commercial development is significant, the wastewater quantities can 
be estimated in terms of gpd/acre (l/d-ha), based on comparative data from existing devel- 
opments. Commercial wastewater flow can vary greatly, and thus a careful comparison of 
commercial areas is important. Factors such as the amount- and type of water-cooled air 
conditioning utilized can greatly influence the estimated wastewater flow. 

2.4.3 Institutional and Recreational Components , 

Institutions such as hospitals, schools, or prisons, and facilities such as campgrounds, resorts, 
motels, hotels, trailer villages, contribute flows that are primarily . domestic. The best 
method. of determining flows from these facilities is by gaging existing flows or comparing 
these flows with flows from similar facilities. Sources such as schools, campgrounds, and. 
resorts will have large seasonal and weekend variations in flow. 

2.4.4 Industrial Component , 

The industrial component can vary greatly, depending oii the type of industry ,.its size and 
supervision, and the control of various processes N^'ithin the.operation. 

Industrial wastewater quantities are normally determined by gaging existing flows and com- 
paring them with similar industries. In all cases the flow determination, whether from exist- 
" ing industry or new industry, should be accompanied by thorough investigations conducted 
with the industrial representatives. Some of the important questions to b? asked are: . 

. 1. What quantities of water can be reused within the industry for process cooling, 

ylSWiTifrigation, or other possible functions? . • 

2: What control is required to prevent dumping of large quantities of wastewater? 

3 What effect do waste constituents arid their concentration have on the allowable 
flow rate to the sewer? 

4. Which pollutants can be eliminated or reduced by changes in manufacturing pro- 
cesses or by in-plant treatment and recycling? 

2-18 ■ . ' 

' • 36 
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5^ Will detention tanks, equalization tanks, or pretreatmerit reduce problems of 
wastewater dischairges? ' , ' . 

6. Can nonpolluted water sources such as air donditiohing or industrial cooling water 
be.separated from the wastewater system? 

7. Is pretreatment of industrial \yastes desirable -l^ow much, tj^pe, etc.? , . 

2.4.5 Stormwater diftd Grouridwater Components 

■ ■ •' •■" ' ,. • • -i*^'" ■ '■:-.-t-i . ■ ■ ' ■ ' - ■ ■ : ■ ■ ■ ' • ■ ' ' - 

StormWater and groiifidvi^ater can ^nter a coUection system from niany sources and in quan- 
tities which can significantly affec/a smaU treatment facility. The quantity of extraneous 
water can be greatly reduced by proper inspection, repair, and construction of a collection 
system.' " •■ ■ • ■!■■ ; .• .■, ' 

PuriUc Law 92-500, passed in 1972/ to amend the Federal Water Pollution Control Act, re- 
qmres that sewer systems be free of any excessive extraneous water. In addition, grants' for 
• treatment works made available fhrough this act wiU not be approved without sufficient 
evidence that the sewer system dischar^g to the treatment, works is not subjected-to ex- 
cessive, infiltration. -The law does aiithorize funds for the required studies of the'systems. ^ 

■* • . ' \ . ' ' ' " . . ' ' . 

The sources of extraneous water-to be investigated in this study can be classified as infiltra- 
tion and inflow. Infiltration is pdimally groundwater that enters a sewer through openings 
such as defective sewer pipe^^nadequate pipe joint connections, and cracks in manhole 
waUs. Groundwater infiltration will noimaUy increase with rises in groi^^^ 
porous subsoil conditions, defective material and poor workn^anship. Poorly laid, house 
connections, especially, can have a great effect on the amount' of infiltration, and therefore 
the installation of such connections should' be thoroughly checked for leakage. Additional 
information on infiltration and allowandes for design can be found in references (24) and 

Stormwater inflow is considered to be water that enters a se'we/ system from sources such as - 
roof or .floor drains, footing drain^ cooling water discharges, manhole coveijs. Or connec- 
tions with storm sewers. TJps water normally 'does not require as much treathient as would , 
be available in a wastewater treatment works and ^liould^be eliminated from the. sanitary 
system. A more detailed jliscij ssion can be found in the ASGE/WPCR Sewer Design Manual 
MOP-9(24),,;^ ^ , ■ ■ j; .■ • .■ . . ' . ■* ■ ;■ ' . •. : 

* ^ ■ - . \ ■ : ■ ■' ■ ■ . ' ' . ' ■: ■ r ■ ' 

2.4.6 Wastewater Flow Variations " ' . ' 

Waste^yafer flow varies by dayj .week, and year- with variations in wattsr cb'hsumpti'on, infil- 
tration,, and inflow. The amount of v|rmtion tends to increase with^ a decrease in sewep 
-^ystem size, because of the lack of damjll^fects from I6nger flow timbs found in larger 
^ystems. The ratio ,of peak flow to e'xtre^>iinimum will vary' from about 10 to 1 for 
^ systems serving populations of about 1 0,00^tQ greater than 20 to' l for some small systems 
/ in which domestic wastewater is the major component of the total flow. This large Variation 
is particulariy true of flow from soui ces such as la^ge regional schools or.a^^ppiriplex of -apart- 
ment buDdings, where there muy not be any flow during part of the hight;'The' extreme low 



now usuaUy occurs between 2 a.m. and 6 a.m., with two peaks occurring during the daylight 
hours around 9 a.m. and 6 p.m^ The ampUtude and time of peaks or depressions are directly 
related to the lifestyle of the population served.'f>An example of daUy household water use 
variation.is shown in Figure 2-4 for several selecteJl homes in Colorado, which are represen- 
tative of families residing in suburban^esidentialdevelppments (2,5). 

The daily variation caused by commercial or institutional sources are often more uniform 
and will tend to damp the household variations. -Exceptions to this are hotels, motels, or 
similar establishments, wWch usually have variations coinciding with households. 

The effect of industrial flow on daily variations wUl- depend on the type of processes used 
and the waste discharges involved. In many instances, an industrial discharge- can be con- 
trolled so that it csm have an equalizing effect on total waste flow. I 

Weekly variations are most often caused by commercial, industrial, or reyeational sources. 
Household waste flow is generally not varied thrpughoiit a week, vwth the exception of an 
activity sucli as washday; Waste flow from commercial or industrial sources tends to be uni- 
form during daytime of the 5 working days, with heavfest discharges from recreational 
sources occurring during weekends. If both sources are located on tiie same system, one may 
tend to offset the other. ■ ' , . 

Yearly variations are most often caused b}^ industries, recreational activities, or institutional 
sources. Some industries are seasonal and have discharges which change through9ttt the year. 
(For Instance, food-processing industries operate it their peak when .crops are being har- 
vested.) Other variations in indfistrial waste can be caused by the changes in production re- 
quired by demand. Recreational activities sUch as Uiose in beach resorts, camps,^^r ski 
are^ will cause changes in waS^flow during the year: Significant chaliiges in flow can occur , 
where there are schools,, such as regional schools or colleges in ,sitiall towns where^ the 
students contribute a large part of the wastewater load on the treatment plant, " 

Infiltration and inflow will also cause important variations during Vi^et seasons. Infiltration 
can affect variations in flaw by raising or loweiing.the base flqw level. Although infilti-ation,,, 
is relatively steady, it can dfiange during the year and even ije; absent for several months,- 
depending on the location and quaUty of the system. During tiie wet season of the year 
w)ien groundwater is high, inmtritioh can acpb1iii;t^ 

Variations.in wastewater 'flow depend 'greatly on the size of the collectiori'system and 
population density (see Figure 2-5). If a larige systero^has a low populatipij density, the varia- 
tions will be reduced because of higher inffltrdtipri, which also reduces the wastewater 
' strength. If,the density increases,. the ratio.||.w^astew.^ter to infiltration wiii increase, clausing 
,' ilar^ef- variatioh^ and: stronger wastewater.^^ Short-terih flow variations affected; by distance 
tanii i-oria-terin,variations affected by infilt^tion and poijulation density must be considered. 

■■ r ■ . ■ I' ■ . . ' -y\v:,>:' ., • 

L ■ • ■ ■ ■ . _ . ■ . - . ' ■ ■ ^. ■ 

- A final and very important source of (famping, either at the source of industrial discharges^ 
at a pumping station, or at tiie ti;^atnifent ; works, is flow equalization. The subjefl of, flow 
equalizatioji is covered in more detail iin . Chapter 4. „ v 
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2A7 Design Flow Rates . ' 

In general, it has been found that smaller communities (fewer than 50,000 people) generate 
smaller wastewater flow per c^ita than larger coitMhunities. The smaUer the community, 
the less the infiltration, ordinarily, and the larger the pjercentage pf household wastewater 
relation to cpmrnercial or industrial .waStewater.lVil^ (17), in Texas(1971), developed 
a characterista? W^tjp^ Figure 2-1) in which the geometric standard 

^v^onwa • . ^ . V 

Li Resigning waste\fe^^ five flows that should be conddered in 

process selectionj^e^uipm^ analysis .of operation: peak, maximum 24-hour, 

average daily /Ininiiftui^^ extreme minimum. * The processes selected should be 

able to operke efficiently' oive^^ entire range. (A* more^ detailed discussion of how flow 

variation affects desijgn 1^ is given in ^the relevant process chapters.) Each of 

these flows should be dfete^ 1) the initial conditions of operation,' 2) the future 

conditions at the end of the and S) if staged construction is used , the various 

periods of developmetit.- /^^^ ^ 

The maximum and minimum flp'v^% fpiiild by two commpri methods. The first, using 
graphs that have ^een develop^! froi^eri^ flow records ^available from a number of 
sources), compares the average fidw >*ith the other important rates. Figure 2-6^ shows the 
ratio of extreme flows to average dually flow in New. England based on dry weather maxi- 
mums for domestic wastewaters. Other examples can be found in the ASCE/WPCF MOP-9 

(24). ^- ' ' . y ■ \ ■ ; • ■ ' ^- .-. 

Fqr flows from large buildings suchySk schools, apartments, hotels, or hospitals, the peak 
discharge may be estimated by the fiixture-unit method. This method , uses load factors for 
common plumbing fixtures, >yhich are weighted values related to thfe flow rate for each type 
of fixture. These factors are expressed as fixture units, which can be defined as approxi- 
mately 1 cfm of flow. Table 24i taken from At National Plumbing Gbde (26), lists fixture 
lilriils per fixture or group. To.„determine the peak, flow^ the total number of fixture units 
, withies the system is found, ^^g the load factors and number of each type of fixture. The 
'fbfaS* fixture unit value is Ihep-.used on curves devdoped % R.F. Hunt^^^^^^^ to determine 
probable peak flow. Figure 2-7 is b'ased on Huh ter*s curves.^ V • ; • 

The Hunter method is usually conservative, because it makes minimum, allowance for fact6i!s 
that, cause damping. The avei^^e single-family house or :apartment has 'about 12 fixture 
units and about ^'persons per'^^amily. The^nUTnber of fixtilre units varies from one location 
to anpther; theref6r5,'care shpuld b^'tiken tislhg any one f^ufe for different commumties. 

2.5 Wastewater- Characteristics , ' ' \ " ' 

Wastewater is used water containing suspende^ and dissolved substances from sources such' 
as residences, commercial buildings* industrial plants, and institutions,^ aloit^^with ground- 
water and stormwater. Depending on amount, type, and form, these wasfi^s will impart ^ 
various characteristics to the .flows. An understanding of these characteristics, which can be^ 
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AVERAGE DAILY DISCKAME (M«D) 



, FIGURE ^6 

'>.'■"•". 

VARIATIONS IN DAI LY WASTEWATp. F LOVV 

" • ■ ■■ ■■ ■■ ■ • .. ■ 



2-24- 42 




.*0 2 4 6 8 10 ,12 M 16) f 20 22 24 2t 2« » 

■ FIX-fURE UNITS ON SYSFTEM (HUNDREDS) • 



FIGURE2.7 ; ; ' / 

ESTIMATE Ct^RVES FOR DESIGN PURPOSES 
SHOWING REU^TIONOF DISCHARGE TO FIXTURE UNITS 



V y TABLE2-4 

FIXTUR^ UNITS PER FIXTURE OR GROUP (26) / 
. Fixture or Group \ Fij^ture Unit Value as Load-^Factors 

One Bathroom Group Consisting of Tank-Operated 

Water Qoset, Lavajtory, and Bathtub or ^ ' 

js^wer Stall v 6 t 

/Batirtubl (With or Withoiit Overhead Shower) 2 

Bidet - • - • . 3 

Combination Siqjt-and-Tray . , 7*3 

Combination Sink-and-Tray With Food-Disposal Unit . 4 

Dental Unit or Cuspidor / : ! . 

Dental Lavatory * . . ^ 

Drinking Fountain 1/2 

Dishwasher, Domestic 2 ^ 

Floor Drains 1 

Kitchen Sink, Domestic / . 2 

Kitchen Sink, Domestic, With Food Waste Grinder . 3 

Lavatory 1 

Lavatory ' . 2 ^ 

Lavatory, Barber, Beauty Parlor , 2 

Lavatory, Surgeon's 2 

Laundry Tray (One or Two Compartments)* 2 

Shower Stall, Domestic / . . .. 2 

Shower? (Group) Per Head ^ , 3 
Sinks: ^ . . . 

Surgeon's , . 3 ■ 

Flushing Rim (With Valve) • . . v "8 * \ 

Service (Trap Standard) . . v ^ 

Sendee (P Trap) ' • 2 

Pot Scullery, etc. _ ' ' v 

Urinal, Pedestal, Siphon Jet, Blowout . 8 • 

Urinal, Wall Lip * ' 4 ' ' 

Urinal Stall, Washout 4 : 

Urinal Trough (Each 2-ft Section) 2 ^ 

Wash Sink (Circular or Multiple), Each Set of Faucets 2 

Water Closet, Tank-Operated ' . - 4 

Water Closet, Valve-Operated ' , . • 8 ^ 



"I A. shower head over a bathtub does not increase the fixture value. . 
Note: For a continuous or semicoritinuous flow into a drainage system, such as from.-a 
pump, pump ejector, air-conditioning equipment, qr similar dewce, twp fixture units shall 
be allowed for each gpm of flow. 
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TABLE 2-5 
WASTEWATER CHARACTERISTICS (22) 



Physical 




Chemical 




Biological 


Solids 




Organics 


• 

* • 


Protista 


Temperature 




Proteins 




Viruses 


Color 




Carbohydrates 




Plants 


Odor 




Fats, Oils, and Grease 




^ Animals 






Surfactants 




Pathogens 


• 




Phenols 










Pesticides 




* 






Inorganics 










- pH - ■ 










Chlorides 










Alkalinity 










Nitrogen 










Phosphorus 










Sulfur 










Toxic Compounds 










Heavy Metals 







Gases 
Oxygen 

Hydrogen Sulfide 
Methane 



J 



diWded into biological, chemical, and physical, is essential in the design and operation of a 
treatment works. A detailed breakdown df these characteristics is given in Table 2-5 (22) 
and Figure 2-8 (22). Descnptic^ns of these characteristics ^d methods for theu" analysis can 
be found in Standard ][lethods (28), Proposed Criteria^for Water Quality (29).(3d), and else- 
where (31) (32) (33). In this chapter, only the general characteristics and their effects on 
small treatment plants will be discussed. The specific effects of wastewater characteristics on 
the processes are described in the relevant process chapter^s. 

2,5.1 Physical Characteristics 

The more important physical characteristics of \yastewater include the -various types of* 
solids present and the temperature, color, and odor. * - 

2.5.1.1 Solids ' . • ' 

Total solids, including floating matter, can be divided into suspended (settleable and nonset- 
tleable), colloidal, and dissolved solids. Each of these can then be divided into organic and 
mineral solids. Total sohds can be defined as all matter that remains as residue upon evaj)o- 
ration at 1 05"^ C (or J 80"" C, to include metalUc hydro^^s if the pH is greater than 9). 

;2.27'^ 
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^^lids can be classified by fDtering a known volume of wastewater and determining the 
weight of suspended soUds (SS) greater than about 0/5 to 1 micron (micrometer, jum) in 
diameter. iSusperided solids can be divided using a cone-shaped contaii^fer (Imhoff cone) tp 
determine the solids that will settle' in 60 minutes. A settleometer test, using a cylinder 6 in. 
(152 mm) high and 5^in. (127 mm) in diameter and measuring the rate of settling and con- 
solidation, is coming into common use for operations. , , . 

Filterable solids consist of colloidal and dissolved solids, The colloidal soIi<i3--eonsist of 
particles between about 1 millimicron (nanometer, nm) and about 0.5 to 1 J Bacteiiia,' 
viruses, phages, and other cellular debris fall generally into the colloidal fraction.' Dissolved 
solids consist of molecules or ions present in true solution in water. Although the average SS 
concentration of municipal wastewater generally ranges from 150 to 3Q0 mg/l, this value 
may vary widely. The fraction dissolved may aliSp vary widely, depending, on ^e age and 
sources of the wastewaters. The. longer the travel time in sewers, for example', thi^ larger the 
fraction of dissolved soUds bfecacrse -bf^icrobial activity; the shorter the:':fravel time the 
smaller the fraction of dissolved solids. -\ ' - . ^ 

Nonfilterable solids, alonfe with the honsettle^le portion of the SS, are not normally 
removed by plain sedimentation, and therefore require biological oxidation or xihemical 
poagulation, with sedimentation for removal, ^ - ' ; ' 

' • « ■ - . ' c - . . «. . . • . ■ 

Each type of solids can be subdivided into organic Cy61atile) .^d inorganic (ash) fractions, 
basied arbitrarily on volatility at 550° C. (At this temperatureli the orgaiiic or volatile frac- 
tion is driven off as gas, and the inorganic, mineral, or fixed fraction will remain as aSh.) The 
volatile solids content of sludge indicates the quantity of organic solids in an activated 
sludge system or the stability of sludge entering or leaving digesters. Settleable solids indi- 
cate the ciuantity of sludge that can be removed by plain sedimentation. If a wastewater 
contains few settleable solids, the selection , of a process including primary sedimentation 
-may not bfe jiistified. Similarly, if the settleable solids are largely organic and the following 
process |s extended aeration, the primary clarifier.may be omitted. 

-J 2.5.1.2 Temperature . - J ' 

Temperature of wastewater varies throughout the year and with location. During most pf 
the year, the temperature of the wastewater is higher than 'the ambient temperature. Only 
durinjj^e hot summer months will the temperature be less than the ambient. The amount 
of hotVater used in households or received from industries , will keep the wastewater 
warmer than the ambient environrhent, arid in the qase of industrial discharges can raise the 
temperature above the normal range. Optiriium temperatures for bacterial activity are from 
about 25* C to 35° C. Aerobic digestion and nitrification Stops when the temperature rises 
to 50° G. When the temperature drops to about 1 5° C, methane-producing bacteria become 
quite inactive, and at about 5° C, the autotrophic nitrofyin^ bacteria practically cease func- 
tioning. At 2° C, even the heterotrophic ;bacteria acting on carbonaceous material become 
essentially dormant. ' . . 



Wastewater temperature is important because of its effects on aquatic life^ chemical and bio- 
logical reactions and reaction rates, .iind suitability for reuse. Changes in temperature be- 
cause of effluent dispKarges can xause changes in the type of aquatic life/ In many cases, 
warmer water will promote the ^owth of undesirable water plants and wastewater fungi. ^, . 

I^gher temperatures will tend Jo increase both biolbgicjal and chemicaii/i'eaction rates. 
Oxygen is less soluble in warm water, however, and this will decrease the amount of oxygen 
transfer* These factors make the design of efficient aeration or ventilation systems critical in 
biological treatment, to take full advantage of the ^increased biological activity if oxygen 
transfer is difficult* , ' ; ' 

In colder climates, freezing is an important consideration in selection and design of units. 
Trickling filters can develop ice formation, which may stop rotation of distribution arms. 
Spray from mechanical aerators can cause ice to ibnft on the aerators and the platforms 
and can cause them to freeze solid if there is a power failure. ^ ' 

2.5.1.3 Color 

Color of wastewater is normally used to describe the c6ndition- pf waste 'within the treat- 
ment and disposal process. Fresh wastewater usually has a ^ay tint; as the organic material 
is br<>keri down and the oxygen is depleted, the color charigi^s to black. Black wastewater is 
noTfnallyv anaerobic or septic. In some locations the color is changed by indus;tqai waste dis- 
.^harge§; ^ in color should warn an operator of possible pri?cess upsets or failures. . 



- - >ir -2 15.1.4 Odor 



Odor in wastewater is associated with decomposing and putrescent organic matter. If indus- • 
trial wastes are added, odor may be caused by chemical compounds such as ^monia, 
phencd," sulfide, and. cyanide. Odbr and color can indicate the condition of^ wastewater. 
Fresh wastewater has a distinct, musty odor, which is much less offensive than that of septic 
or anaerobic wastewater. More information on odor prevention and^ control is pFesented in 
section 2,6. 

' - \ . " - . : .... ■ r*;^,-,^ ' , ^ . ■ 

2.5.2 Chemical Characteristics ^V, ^^hi^Ciy -^y^ : 

Chemically, wastewater be described rbtiihiy by itS orsariic soUsls^^moigi^cis^ 
•aissolved gas const^ttients, which are closely; related a^nd;;^iftW intera^^X|^s int^^aif^i^ 
be both beneficial and. detrimental to treatment and disposal*. A^^^ u^ 
various chemical characteristics and a complete analysis of the waste^^cdlifi«ti^^^ 
during design to reduce the detrimental effects ahd tQ'4:?^fe advantage of ^^^t^^^ 

* 2.5\2A Organic Matter • ■^^-^■" y . , 

Organic matter is jpresent in settleable, nonsettleable, coUojdail, ^d dissbl^^j^^Hds, and 
accoimts for a large part of the pollutants. In average strength wastewater, the SS are about ' 
75 - percent organic matter and the' 'filterable' soUds significantly lower"; The settleable 




organics can be removed by plain sedimentation. Other solids require biologiQal flocculation,. 

assimilation, oFvarious forms of chemical or physical t^ 

". . • • ■ , ^ ' . ■ • ■ 

Organic substances include proteins, parbohydrates, hexane solubles (fats, greases, oils, etc.), 
surfactants, phenols-, and pesticides. Many of thp substances are readily biodegradable; 'if 
discharged unaltered to. a receiving water, they would cause a depletion of the available 
. oxygen and could damage aquatic life and cause a change from aerobic to anaerobic condi- 
tions/ Biological treatment units take advStntflge of this biodegradability : microorganisms 
growing und^r proper conditions (adequate oxygen, temperature, pH, etc.) oxicfis^ the 
organics to a stable form that can be removed under controlled conditions. 

Other orgaixic substances, such as some detergents and chlorinated hydrocarBons, ^re hot 
: ^easily biodegradable, or are degradable but toxic to most microorganisms. These substances^ 
can usually be removed by/ physical-chemicad treatrnent. 

Basic tests to determine^^ the organic content of wastewater are the biochemical oxygen 
demand (BOD), chemic^ oxygen demand (COD), and total organic carbon (TOC) tests. 
Other methods include determination of the volatile solids fraction of total solids; total, 
albuminoid, organic, and ammonia nitrogen; or oxygen consiimed. ^^^^ 

BOD can be defined as^ the approximate quantity of oxygen that will be used by micro- 
organisms in the biochemical oxidation of organic matter. It indicates the strength of 
dornostic and industrial waist e in terms of the oxygen required if the flow were discharged 
a natural watercourse. In treatment plant desigp, BOD is 5ne of the parameters used for 
the'selectibii and sizing of units. The bottle test fot^ffgip is the one commonly referred to in 
the following discussion. "C*!^-^^^^^ ' . 

The major reksons for the 'wide use of the BOD bottle test are, first, the test does not re- y 
quire expensive equipment, and second, it has been the simplest test to measure the amount 
of organic matter that will be biologically degraded under relatively natnral conditions.- 
» ■ " ' ■ - ■ ' ■ . ■ ■ ■ ', ■ . ' ' ■ ■ " • 

The disadvantage of this test is that it is essentially a bioassay, which requires time and con- 
trolled conditions. The BOD test does not necessarily represent actual field conditions, be- 
cause temperatures, concentrations, mixing levels, arid seed bacteria in the bottle vary from 
actual conditions. Th^^^^ required to, ajlovv aerobic living organisms to function 

uninhibited include proper temperaturjq, sufficleht oxygen^ ail needed nutrients for bacterial 
groiX^th, and ijo toxic substances. The conditions in a diluted sample of strong wastewater, 
held in a bottle for several d^s at ^ constant temperature may not be representative of ^ 
actual conditions in the treatment processor stream. - / ^ ' ^ 

There are several important measures pf the oxygen demand of a wastewater: 5 -day BOD 
(BOD5), ultimate carbonaceous oxygen demand (UBOD)^^ -ultimftje oxygen demand (UOD), 
and nitrogenous^ qxygen demand (NOD): In a 20*^- C* BOD l^ottle test, the bacte^a present 
break down organic material by metabolic reiactions: Carbojiydrates and sugars and then 
proteins are broken down to simpler compounds. The heterotrophic bacteria that oxidizb 

• carbonaceous material reproduce rapidly. After the ^nitro^ehous material is broken down 

• ; ■ ■' •, ■ . 2-31 J;v;^-.- , ^ ■ .\ 



and hydrolyzed to ammonia, the more slowly reproducing autotro^phic (nitrilfying) bacteria 
react. If they =are only present in small numbers, little if any NOD will be satisfied until 6 to 
10 days have'' passed. The'BODs test, then^ usually represents only carbonacqoiis demand 
and averages ^out two-thirds of the UBOD. By the 25th to 30th day both the UBOD and 
the NOD are Visually fairly well satisfied. The UBOD curve added to the NOD curve pro- 
duces the UOD curve. 

A sample taken from a trickling filter oi^ activated sludge unit can contain a significant 
amount of nitrifying bacteria; this amXDunt will cause early nitrification in the bottle'^and' 
affect the test. If nitrifying bactoria are present in large quantities, they should be inhibited 
for more meaningful results of the BOD5 test, or to obtain UBQD. For more detailed dis- 
cussion see references (20), (28), and (32). ^ . \ ^ ^ ' , 

NOD can be determined by running two series of BOD tests on the same wastewater: pne 
series with nitrifying bacteria inhibitor and one series witljout. Readings should f)e taken 
from the 3d day ^of incubation to the ^Oth, and the results plotted for each series. The 
difference in the final set of ctirves represents the NOD. This parameter can.also be obtained 
by multiplying the ammonia-nitrogen (deterrpined by the total Kjeldahl nitrogen te'St) by 

4.6. >r • '\ . . 

» , ■ . 

Chemical oxygen demand (COD) is a measure of" the strength of domestic and industrial 
wastes in terms of the total amount of oxygen required to oxidize most organic matter to 
carbon dioxide and water. The major limitation of this test is the inability to distinguish be- 
tween biologically oxidizable and biologically inert organic matter. In the absence of cata- 
lysts, COD results do not include biologically oxidizable acetic acid, aromatic hydrocarbons, 
and straight chain aliphatics, but do include nonbiodegradable celiulose. As a result, the 
COD of domestic wastewater is normally higher than the BOP5. The BOD5 and COD tests 
can be correlated for a particular waste as long as the ratio biodegradable to nonbiode- 
gradable organics does not change. This ratio can vary greatly ^^etween units in a treatment 
plant. The njajbr advantages of the COD are that the testis less time consuming (3 hours 
rather than 5 days) and more reproducible. The test is also useful if the wastewater contains 
toxic substances, or for indicating the presence of toxic substances, 

i. . ^ ' 

Total organic-carbon (TOC) is another test lhat measures organic matter in wastewater, A 
small known quantity of sample is injected into a high temperature furnace. The organic 
matter is oxidized in the'presertbe of a catalyst to carbon dioxide, and the carbon dioxide is 
measured with an infrared-^analyzer. The test requires relatively expensive' equiprnent, but 
Vte^ults are obtained very rapidly. , 

2.5.2.2 Inorganic Matter - 

The most important inorganic substances present in wastewater include acidic and basic 
compounds of nitrogen, phosphorus, chlorine, and sulfur; toxic compounds; and heavy 
metals. These components alone or by interaction with other, wastewater components can 
affect the growth of organisms, cause corrosion, or produce odors. Inorganic dissolved solids 
can be measurefd in terms of specific conductance in micromhos (per cm^); using a conduc- 



tivity metejk^ correlated for that specific wastewater This test is very temperature de^ 

. \ . : ■ - ■. ■ ; ■ ., . \ 

The pH . can affect both the treatment methods and metal equipment exposed to the waste- 
water. Biological, chemical, and physical treatment processes .operate optimally in specific, 
but often diff^l^nt, ranges of pH. The natural alkalinity of >yas&vj!^iteic ijc^^ 
a sufficient buffer to keep the pH within the normal, fairij^^ilutjt^ tMjige for best biological 
activity. If the pH goes outsider this range, biological XYte^v^i^i^in^^x be feasible. A high 
or low pH waste could also Cause conosrbn problems. " : " 

Alkalinity is important in (hieniical treatment such as coagulation, chlqrination, or amnionia 
removal by stripping (see Chapter 12). ji^i, .. 

Nitrogen, carbon, phosphorus, and certain trace eilements are essential to the growth of 
plants and animals.^Iri the design of biological treatment uhits, the nutrients available may 
limit the treatability of the waste. If aii adequate amount of the essential nutrients is not 
availaible, it may be necessary to add these nutrients to the fnfluent* For further discussion 
see Section 2.5;5- ^ 

Nitrogen is present in nature in five principal forms :_^org^ic nitrogen, ammonia, nitrite, 
nitrate, and gaseous elemental nitrogen- Organic nitrogen is normally contained in plant and . 
animal protein. Ammonia is produced by decomposition of organic matter, chemical tnanu- 
facture,"or bacterial reduction from nitrites. Nitrates are formed by bacterial oxidation of 
ammonia to nitrites and then to nitrates." Gaseous^trogen is produced under anaerobic con- 
ditions, if small amounts of carbon are present, by reduction of nitrates^ to nitrites and then 
to nitrogen /gas. Nitrates are a necessary constituent of plant fertilizer and ay^ changed to the 
organic form ;by plants. For a detailed disdussion of the rtitrogen cycle, see references (20) 
and (32). 

♦ ' . . ■, ^ " • - • ' ■ ^ " 

Raw wastewater contains mostly organic and ^moriia nitrogen (the fresher the wastewater, 

the more organic nitrogen). During aerobic biological treatment, the organic nitrogen is re- 
moved or converted to other fornts. Depending on the time provided for treatment, any 
ammonia-nitrogen present may be oxidized to nitrite and nitrate by Iwo specific forms of 
bacteria. If waste is discharged before nitrification occurs, the efffuerit . will contain 
ammonia. Ammonia in the effluent can bfe detrimeiital for several reasons! first, it is toxic 
^ to some pfant and animal life, and second,, the oxidation to nitrate carf ocpuf in the receiving 
water and thus use up large quantities of the free oxygen. In addition, the presence of 
ammonia can hinder chlorination or seed gejrminatibn. Nitrate m the effluent, although it is 
a secondary oxygen source, is also detrimental. Because of its nutrient value, it promotes ex- 
cessive growth of algae or other organisms.^n the case of reclaimed wastewater to be used 
for groundwater recharge, nitrate, in drinking water cian have serious and sometimes fatal 
effects on infants. The type of treatment required for nitrogen is therefore clependent on 
the method of ultimate disposal. For nitrogen removal, see Chapters 7, 9,1 0, 12, and 13. 

Phosphorus, as stated previoilsly;'';is required for reproduction and synthesis pf new cell 
tissl^, iand, therefore, its presence is necessary for biological treatment. Domestic wastewater 



. "|s*rel^tiyely rich in phosphorus because of its higJi cQhtfeat iii human waste and in synthetic;? 

(del^i^isgrti^l Jhe^^^ in wastewater to allow biological treatr> 

' mVhf.'^M^is^^ as 1 nutrient, can afll' cau'se excessive gro>fth of algae in Jail^es slow 

streams. For phosphoms rernovai,^ee*^HjEiiJter l2. ^ . ^ , 

Chlorides and many other elements, such as sodium, which are dissolved or dissociatte in 
vfrater, are not yenjoved in ordinary waste treatm^ ■[:^y:.^ / ; 



Sulfur can cause corr&sion :o^ (ifi its acid forms) and odors (hydrogen sulfide gas and 

other sulfur compounds). Sulfates are reduced by bacteria under anaerobic conditions to 
siilfi^les^ including hydrogen sulfide (H2S).H2S can be oxidized biologically to sulfuric acid, 
;whjch isliighly con'osiye. . " 



Toxic compoundS^and heavy metals are also present in wastewater and can h^ye^ a 
effect on treatment and disposal. Many of the heavy metals are necessaiy in trate 
fqr growth qf ^io logical life but are toxic in larger concentrations. The presence^ and amount 
of these siilbst^nces should be determined and treatment processes designed, if necessary, for 
their reirii3vai, particularly if dbvvnstream ecosystems^i;^ to be protected. Most toxic corii- 
pounds /and heavy metals ar^^ ^pdfe industrial sources ahd/^g^ be eliminated by pretreatrneni;; 
^'A'fist of some chemical sUlfe^tocies presented in industrial 'Vifaste is given in Subsection 2.5.4^ 
.for additional ihformation on the toxicity of s6me componejhts, see reference (33). 



" Gases sometimes fQurf^^.ih xaw wastewacter that are important in the Resign of- treatment 
works include ^trogen"(N2)' carbons; ^llSftxide (CO2O, hydrogen sulfide |;H2S0^^ 
XNH3), methane (CH4), and oxygen (62)- Nitrogen and ammonia are impdirtarit becjause of 
their .roles in biological processes. Nitrogen gas released by anaerobic action from'sludge will 
interferie with settling. Carbon dioxide is present in the atmosphere and is found in waste- 
water because of its solubility and its production by living brganisms, providing a. carbon 
source for some microbes. Hydrogen sulfide and methane are derived^rpm the anaerobic de- 
composition pf organic matter and are toxic to 'man. Hydrogen sulfide is a colorfess, toxic, 
infl^mable gas with an odor of rotten eggs. Methane is a colorless, odqi^f^^r toxic, com- 
bustible hydrocarbon^hatv if available in large quantitfes, can be used Sis ftiel for generators. 

Anaerobic Viigesters are sometimes designed to collect and store methane as an enj^jsgy source 
at larger treatment plants. V = ^ ' 

Dissolved oxygen is essential for the continued respiration of aerobic organi^s.} Oxygen is 
^nly slightly soluble in watfer and may have to be added if^biological units are to function 
prd^erly (see Chapter 7): Oxygen solubility decreases with increased temperature and solids 
content. In designing aeration units, the oxygen supply should satisfy summer need^, and 
the detention time should be sufficient for slower winter activity. 
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2:5,3 Biological Characteristics 



Thb'a'esigniBr or wisjev/ate works must have a^ basic knowledge of the prinqipj^ 
bfgajTiisms found in soilj and Siipj^ld unddfeta^ the condi- 

tions associate v8th ^^ctive thaj^ma^ ]t>^^^^ of this ^ 

infonnation can 81 foupd^^^^^ and (34). - 

The o rganising present at the. pdint of> d^^^ can be 
• used to indicate; tl^e degree of ^ppllu wastewatefS^rThe orga- 
lifsnisr jirj . ra^^^^ wiastewater can te jeriiGVed by treatmenf p addi- 
tions u^er/Gontron^^ : • ' ; 

Most \vasft^water contains lai^e; >vye|l-niixed\popu^ of microorganisms as well as the 

chemical components discussed previously. JUnd^f proper cpnditiohs,. growing populations 
of these prga^iisms can assimilate hrjany cheinical compcments'into a removable form. " 



Biological treatment units such as activatecj sludge (Chapt^^^' 7^^^^ trickling filters 
(Chapter 9)k and stabilization ppnds (Chapter' 10) provide these conditions* Organisms caii 
also be u^edv^o convert organic soH (sludge) "VefnciVed from wastewater to more st^t^lejand ' 
less bt^fe^tiplaable forms. Xhe jconditions for jducjgt^ybidlpgica^^ ar;e usually pro- 

vided in aerobic;,6r' Anaerobic vdiggsters, 6r the sludge can b(4^^ .c^^ stabilized (chapter 

14). :^ \ ... . ' ' ■ , ^ ■■ ■ ;-V/,:.f 

The prihdipal groups of jiDrganisms im in wastewater treatnfeSiff c^ 

shown in Table 2-6. Ri^rerices ;(idi^ (34); (35), and (36> 

informatioh on these organ'i^nis, and .theii- function in ^ to^ 

Chapters- 7; 9, 10, and* 14. ■ ; .'^.-^^ . ' ' ■■ ' ^ ' . 



^ ' :^ TABLE 2-6 ... . ^ 

/ JtoGANISMS FOUND 

■; * . ^ ■ .. ■ V ■ . ' - * . , 

Moneran .^ y " ' ^ ; Protistan . .. Plants Animal 



Bactferi^ V ' Fungi . i^-^^^^' p^ . : Vertebrates^ 

Blue-Gj^^en Algae Protozoa , Ferns Invertebrates 

Algae ^ ' Mosses.- ■ . 

;^ Liverworts 

Viruses are. also present in wastewater in large' (^liJntities and are of concern because many 
are pathogenic. In addition to viruses, there are niany other prgar>isnis that ^re pathogenic. 
Depending on the type and degree of treatment, most can be removed. SoniiB^of the patho- 
gens entering a treatment plant will die off -naturally, givpn adequate time. Others may find 
hosts that can-sustain them and paiss thern on to other life forms. Viruses and some prbtistan 
phyla that form spores or cysts can survive for long periods and may eventually reach a hostl 
BecaiJ[s^ bf > the ^possibility of pathogens passing through a treatnnfent plaiit, and because of 
the ways in which they may survive and cause disease, it is importanftrjtb provide reliable disr 
infection facilities. . * ' ^ • - : 



To determine the degree of removal (or di^inftction) of pathdgejisin^.w 

plants, total coliform^ fec^ coliform, and fecal streptococci determm (20) (28) (34) 

arb""used. . / .'-^ ' • ^■ "■ 

Coliform organisms are present in laigenuml)ers.iri the excerptions o^^ 
and are easily counted and more resistant to adveiisie condifibns than most pathogens. Be- 
cause of these facts, the presence of- fecal coliform Organisms is t^cen a vaQuableindicat 
tion of the presence of pathogens. Disinfection is discussed in'detail in Gliapter IS. • . 

2.5.4 Wastewater Composition " . V ' * * \ 

Composition refers to the combined physical, chemical, and biological components found m 
wastewater. The components can vary in amount, typQ^ arid f6nTi,'<Jepending on the sources . 
of the wastewater. In addition tp- the normal sources pf constituents, the backgro 
•oponents present in water supplies and their effecf On the, wastewater must be ppnsldered. 
. Water .sup'pli^s^ relatively pure and; ipay dilute tfie wastewater Tt^re. are^^ h6^^ coii-- : 
^stituent&;su^d[l ias chloHdes; sulfates, and carbonates th'jit are not-r^mdved byxonventxonal 

• water or wastewater treatment and that can buil<J ui) to probiernMels.i JMs minerd'-b 
can result frdi^ minerals dissolved in groundwater, saltspray reaching:water siipplies.i^^^ 

^ riear^He 6cean> and m^iiierd^^p^^ during wastewater reuse'cyclit^. ltVah afe& b&iiie result 
of such treatment as nitrqg^^^ « ; , . v 

y^^^^^ composition will vsu:^<<laiiyi;y^^^^ 

:trpw variation. Therefore^' only ^majbr causes pfra in- 
tliis chapter. Domestic wastewater compositipn can vary greatly, depending on tfie^lifestyle 

Vit>^ Table ^2-7' lists normal ranges gf , the average, composition ofcdornesW^^^^ 

'wastewater. Garbagb 'dis^fbsals require relatively * si^^ of water but can greatly 

increase tHei^rength of • 

Figure 2-9 shpws the variations of COD fbr five sources :ofv^p^ The area under- 

the curves .for each source indicates the amount of COD contributed d^^^ 

• ,ex^ri^i)ife^^^^.^^ families residing in the suburban mpuhtain res^^ 

vv^rneivfe^ptCQ^ ■ ' . ' \ ' ■ • ; -..v^Vv/''- ' • ^• 

Cqninretbial, recreational, andfiW^^ 'waste wat^ii co^ 

domestic vi^aste, but vdry quantity,' depending on t|je: souirce. Mahy ^qiiip- 

ment manufacturers have deyelppe^^^ strength of; wastewater ffonx 

various sources. Tables 2-2 and 2-3 are samples of t^se guides. The designer wi||l havef to Use. 

• this information . and any 'available .d^ta^to determine the waste^strengths ^o be -expecte^^^ 
Local public health pr environmental protection authorities should be consU(ted"tQ e^ 
design criteria requiretrients for thd specific l^^^ ' v ^; . ^ 

/::-:■',■[':■ \ ^ v- ■■.'■■■^ 

Industries can :have a significant effefet^ size 
and- ty^e. Some chemical substances.fouri^ in industrial wastes ifre sKo^ T^able 2-8, along' 
, wjth some m/ustries providing these sybstances. The best ^nietHbd pf determining industrial 
>jvi^asiei dbri^ and strength is by survey. ' ^ ^ :\" ^ < . ' ' : ^ 



. . - / TABLE 2-7' * \ * 

Vp^^^ OF DOMESTIC WASTEWATER, mg/ll 

Composition ? . "t-^v 



Solids, Total 
Dissolved, Total 

Mineral ^ V ^ 

Organic ^ j 
^ Suspended, Total 

Mineral 

Organic 
Settleable, Total ; > 

Mineral , ' 

Organic 

Biochemical Oxygen Dema:^d 20° <j 
5-Day Carbonaceous , 
Ultimate Carbonaceous ' ^ 
Ultimate Nitrogenous 
Total Oxygen Deinaiid (TOD) 
Cheniicai d(xygen Eferts^ndi (COD) 
Total Ofgartic Garborf#.GjG) 
Nitrogen (.Total as N) 



/ 



Fre^ 

Nitrites; ti"' , 
Nitrates ^ 
Phosphorus (Total as P) 
Organic " 
Inorganic 



Chlorides, , . 
Alkalihit? (as CaC03) 
Grease • 



Range 

700-1,000 
400-700 
250-450 
150-250 
180-300 

. 40^70 
140-230 
150-1# 
40-50 
110-130 

160-280= 
240-420: 
80-140 
400-500 
550-700 
200-250 
40-50 
15-20 
25-30 



10-15 
3-4 
- 7-11 
50-60 
100-125 
90-110 



^ Assuming 100 gallons of ^yaste^yater per capita with a relatively soft potable water supply, 
^ no industrial' wastewater, andVmedian Use of garbage grinders from a community whose 
citizens have a moderate income. . ■ ° . 
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TABLE 2-8 

SOME CHEMICAL SUBSTANCES IN INDUSTRIAL WASTES (33) 



Chemical 



Common Source 



Acetic Acid 
Alkalies 

Aipmonia 

Arsenic 

Cadmium 

Chromium 

Citric Acid 

popper 

aCyanides 

Fats, Oils, and Grease 



Fluorides 

Formaldehyde 
Free Chlorine 
Hydrocarbons 
Hydrogpa Pero^^de 
Lead 

Miercaptans 
Mineral Acids 

• ■ 
Nickel 

Nitro Compounds ' 
Organic Acids . 
Phenols 



Silver 
Starch , 
Sugars 

S.ulfides 

Sulfites 
Tannic Acid 
Tartaric Acid ' 
Zinc 



Pickle and Beetroot Manufacture, Acetate Rayon 

Cotton and Straw Kierihg,* Wool Scouring, Cotton Mercerizing^ 

Laundries ; 
Gas and Coke Manufacture, Chemical Manufacture 
Sheep Dipping, Fellmongering ^ ' * 
Platihg ' ' - . ^ 

Plating, Aluminum, Anodizing, Chrome Tanning 
Soft Drinks and Citfous Fruits 

Copper Plating, Copper Pickling, Cuprammbnium Rayon Manufacture 
Gas Manufacture, Plating, Case-Hardening, Metal Cleaning 
Wool Scouring, Laundries, Textile Industries, Petroleum. Refineries, 
^ Engineering Works 

S^c^ubbing of Flue Gases, Glass Etching, Atbfnic Energy Plants, Fer- 
tilizer Plants, Metal Refineries, Ceramic Plants, Transistor Factories 
Synthetic Resin Manufacture, Penicillin M^anufacture 
Laundries, Paper Mills, Textile Bleaching 
Petrochemical and Synthetic Rubber Factories 
Peroxide Bleaching of Textiles, Rocket ;^Motor Testing 
Battery Manufacture, Lead Mines, Paint Manufacture 
Oil Refineries, Pulp Mills 

Chemical Manufacture^ Miiies, Iron and Copper Pickling, DDT Manu- 
facture, Brewing Textiles, Battery Manufacture, Photoengraving 
Plating ; ^ , ' 

Explosive Factories, Chemical Works 
Distilleries, Fermentation Plants - * 

Gas and Coke Manufacture, Synthetic Resin Manufacture, Textile 
Industries, Tanneries; Tar Distilleries, Chemical Plants, Dye. Manu- 
facture, Sheep Dipping 

Plating, Photography 

Food Processing^ Textile Industries, Wallpaper Manufacture 

Dairies, Breweries^ Preserve Manufacture, Glucose and Beet Sugar, 

Factories, (Chocolate aiid Sweet Industries, Wood Processing 
SuIfid^rDyeing of Textiles,. Tanneries, Gas Manufacture, Viscose 

Rayon Manufacture 
Wood^Pulp Processing, Viscose Film Manufacture, Bleaching 
Tanning,' Sawmills ' ^ 

Dyeing, Wine Making, Leather Manufacture, Chemical Works 
Gfalvanizihg^ Zinc Plating, Viscose-Rayon Manufacture, Rubber Pro- 

ces^^ing ' ■ ' , . / 



2.5.5 Biological Process Requirements 

Biological treatment' processes require nutrients for proper operation. Most of the nutrients 
required for biological activity are normally present in sufficient quantity in the influent. 
The nutrient concentration, however, must be 'determined if industrial wastes are present. 
The normal rule of thumb for determining N and P is that 5 lb of nitrogen and 1 lb of phos- 
phorus are required for each 100 lb of BOD removed by microbiological activity. Without 
the proper nutrient balance, the efficiency of a unit will decrease, and the unit may become 
overloaded with fungi, which can flourish on lower levels of N and P. 

Trace elements are also important in th? design and selection of biological units. Although 
y most wastewater will support biological growth, the type of organism is Often controlled by 
the availabihty of these elernents. 

* Numerous studies have found that 1 6 elements and 3 vitamins (growth' factors) are needed 
for the growth of microorganisms. The elements include N, P, K, Ca, Mg, Na, S, Fe, Mn, Cu, 
Zri, Mo, B, CI, Co, and V. If there is a deficiency of nutrients or trace elements, the orga- 
nism population tends to change to filamentous forms with the ability to subsist on minimal 
nutrients. This deficiency may oc^ur if; the wastewater contains inriproper ratios of organic 
matter to needed nutrients to support a balanc,e of growth of conventional organisms. The 
addition of the deficient elements has in maoy cases improved the degree of treatment ob- 
tained. • - 

A deficiency can alsp ^be agg7avated by precipitation, of trace elements reading with 
hydrogen sulfide, this cbuld be true if the plant flow were to contain a large percentage of 
septage or if there were a buildup of anaerobic plume in a long collection system. AtM:he pH 
values normally encountered in domestic wastewater* iron, zinc, copper, cobalt, and vana- 
dium will be precipitated as sulfides.' The presence of hydrogen sulfide also may cause in- 
activation of the vitamins present (37). " v. 

The optimum pH range for operation of a biological process is from 6 to 8. Fungi will begin 
to do'minate below 6 and will take over almost completely at 4.5. As the pH rises above 9.5, 
a toxic effect occurs, and almost no microorganisrtis will survive at -1 1 .0. Above and below 
the optimum range, the efficiency of operation will decrease. A rapidly occurring change in 
pH can have a toxic effect on the microorganisms. 

The toxicity of elevated concentrations of heavy metals such as chrome, lead, copper, and 
mercury, as well as insecticides, cyanides, aiid high concentrations of phenols, can signifi- 
cantly affect efficiency. As with other biological systems, A trickling filter can become 
accHmated to many toxic materials if the concentration is low and does not vary greatly. A 
surge or shock load will upset a trickling filter, but the, recovery is more rapid than with 
most other systems. 



2.6 Odors and Other Airborne Pollutants - . * ' 

There are many areas and processesrin wastewater facilities that can be potential sources of 
airborne pollutants if not prevented fro/i being so by satisfactbry design, construction, 
operation, and maintenance. Airborne poWants include odors; noxious, toxic, or asphyxi- 
ating gases; particulates from sludge incinerators; and aerosols from trickling filters, aeration 
< basins, cooling towers, stripping towers, and ventilation systems. • * ' 

Even *'fresh" wastewater and "digested" sludge have odors that imay-not be acceptable to 
the general public. Organic material containing sulfur or nitrogen may, in the absence of 
oxygen, be partially ^idis^ed anaerobically arid give off such odorous substances as 
hydrogen sulfide, mercaptans, skatoles, indoles, and amines. Any location (such as eddies)^ 
in Which raw wastewater becpmes anaerobic, dj organiQ solids (such as sludge, slime, scum, 
or grit) are allowed to accumulate, may.becomefe,source of odor. 

. ■., . • ■ ■ s . . \ 

Odor prevention and control measures include; 



1. ' Passing and enforcing strict, sewer ordinances to limit entrance of potentially 

odorous substances. " / r / 

2. Regular and careful cleaning, including frequeAt removal of slime, scum, and grit 
accumulations and regular inspection and maintenance of all plant structures. 

3. Preventing anaerobic conditions, or removing odorous conditions,, by adding 
chlorine, hydrogen peroxide, ozone, potassium, permanganate, lime^ or sodium 
hydroxide. . * • - . 

4; ^Maintaining adequate levels of. dissolved oxygen by aeratmg; oxygenating; adding 
^ ozone,' peroxide, or nitrate; or diluting with aerated wastewater. 

5. Preventing sludge accumulating or aging by frequent solids withdrawals, adequate 
mixing in tanks, sufficient velocity of flow, or placing smobth transitions in 

/ structures to eliminate "dead" pockets. 

6. Placing potentially odorous units such as vacuum filters, sludge thickeners, or 
sludge holding tanks in structures with forced ventilation; placing a dome over the 
odorous unit with forced ventilation, or placing a floating cover on the unit. r , 

7. Preventing overloading by recirculating, equalizing' flows, or providing overflow 
units. 

8. Pretreating to remove odor-causing substances. - 

9. Preventing incinerator odors by maintaining temperatures throughout the burning 
area above 1 ,400"* F (TdO"* C); ' * 

10. Treating vented odorous gases by ozonating; bubbling through chlorind contact 
tank; \yet scrubbing; combustion at temperatures above 1 ,400'' F (760^C);cata- 
. lytic oxidation; passing through activated sludge tank; activated carbon adsorp- 

. \ tion; treating wood chip adsorption; or filtering through a soil bed- 

■ • . " . • ^ '' ■'■ ■ ■ . * ■ 

For more details on^^odor testing, od^lr intensity calculations, and solutions to odor prob- 
lems, see references ,(2) and (38) ^^^^ (^4). • -i*^"^ - ■ 

' ■•• ■ ■ ••::^:f . '. ■ ,^ ■•••. -^ 
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Aerosols are defined as suspensions^ of approximately microscopic (smaller than 5 to 10 
microns) solid or liquid partides dispersed in the atmosphere. Particulates are considered to 
be liquid or solid particles of any size dispersed in the air; Aerosols and particulates may be 
organic, inorganic,', or a combination of both. Foams, mists, dusts, smog, fumes, and snioke 
are among the differentToms of aerosols and'particul^^^^ aerosols are generated 

at wastewater \yorks when bubbles of air from wastewater or liquid sludge burst and £s- 
charge tiny droipiets into the air. All aeration, ventilation, evaporation (cooling towers), 
spray irrigation, and stripping activities involving wastewater or sludge' are potential source 
of aerosols. Adlivated sludge, trickling filter, and aeration units (particularly those handling 
raw wastewater) are probably the major potential sources of poUutional aerosols. )yith the 
increasing deman'ds for reuse of wastewater, however, cooling and stripping towers may also 
become a sourpe of air pollution. Treated (but not disinfected) wastewater is sometimes^ 
used in these; towers for evaporatiohal cooling for strip^ping out volatile organics and inor- 
ganics. Pathogens- and toxic or injurious organic and inorganic pollutants in the wastewater ■ 
may be aerosoli;fe(i" 

Recently, aer6sols. have ^proy eh: to be deserving of attention. Pathogens present in the aero- 
sols must ht .^O^^d^h^ a potential source of disease ahd^infection, because samples down- 
wind of wastewster treatment works have been, found to include significant numbers of 
EcoU, A aerogenes, and pathogenic enteric organisms. No evidence, however, has been 
found to indicate that aerosols affect the health of wastewater treatment facility workers or 
others. : ^ ' ■ ■ ; 

Gases that can cause air pollution are emitted from tifeatment wprks in wastewater, sludge, 
and liquid sidestream processing; wastewater collection, pumping, and transmission; and 
disposal operation. Explosive, toxic, asphyxiating, and flammable gases are also hazards.. 
" Th^e are discussed in the U.S. EPA technical report and technical bulletins of safety (5?) 
(56)(57). ■ : ' 

Controls for particulates and gases from incinerators are well established: EPA has developed 
criteria and standards for permissible levels of pollutants in stack emissions. These standards ^ 
establish limits on particulate discharge and opacity. , , 

Explosive, toxic, noxious, lachrymose, or asphyxiating gases founjl at wa^;tew^^^^ works in- 
clude chlorine,, methane, ammonia, . hydrogen sulfide, carbon mdiipx^^^^ oxides of 
nitrogen, sulfur, and phosphorus. If there is^a possibility tliat such a gk^'carl escape from the 
works or into woric areas," in dangerous or nuisance concentrations, the knowledge mi^t 
affect the operation' of the works and the use and development of adjacent land. Therefore, 
it is of the utmost importance that all precautions b^; taken to insure against the escape of 
such gases. Th^are usually more detrimental within"wa$tewater structures than In adjacent 

areas. • '/ . 

( ' " . ' /■, ^ ■ . '' ..." 

Of the gases (including those above) collected from wastewater works st'ructures by ventila- 
tion systems^ some could be unsafe or could adversely affect the environment if discharged, 
^"difectly to the atmosphere: Consideration- shod 

discharges for otnectionable gases. ConsidejatioiV should also be given to providing standby 



means for neutralizing, stabilizing, or destroying gases that might' significantly affect the. 
.environment, . 

Additional design, operation, and maintenance criteria for control of aerosols, particulates, 
^ ■ and gases at wastewater works are presented in WPCF Manual No. 1, "Safety in Wastewater 
. . Works** (58). Safety factors and controls are presented in references (55), (56), and (57). 

'. ■ ■ ^ ' •' 
2.7 Noise * . 

■ . • • . 

Wastewater facilities can be an unacceptable irritant to nearby inhabitants if they are 
designed, constructed, operated, or maintained in such a manner that they produce exces- 
sive noise. Noise prevention and control measures, noise level standards, noise analysis, and 
examples of calculation on noise transmission at wastewater treatment works are discussed 
in references (2) and (97). 

Evaluation of noise levels in a community is a complex problem ioivolving individual percep- 
> tion of ho>y an objectionably noisy environment is defined. Definitions of these perceptions 
is difficult and involves measurements bf^ambient nois& levels in the area. ' 

Maximum noise levels for /^.working areas are defined by regulations authorized under the 
Federal 1970 Occupational Safefy and * Health Act (OS HA) and by its predecessor, the 
['.i^f^^ Acceptable levels for adequate speech Communication in the 

are available (61). Community noise levels have also been researched^ 

Noise control heeds are determined By comparing noi^e?;^^^e^in^ 
sure level, source direction, sound direction, sound power^:,etc:)^^^^ 

or criterion for acceptable noise levels at a listener's position. Sola^d jiressure is sensed by a* 
microphone and. amplified in a sound level. m'eter for frequency analysis or, display oh a. 
decibel.meter (65). • \ 

..Sound power levels (L^) should not be confused with sound pressure levels '(Lp);'wTiich are- 
also expressed in decibels. Sound povver level is related logarithmically to'^the tat^ 
power radiated by a source. Sound pressure level specifies the acoustic "disfuriDancyr pr^^ 
duced at a point. Sound pressure level depends on the distance from the sourqe; los?0s ip' the 
intervening air, room effects (if indoors), etc Sound power level is analogous to the heat 

^ production of a furnace, while sound- pressure level ^s analogous to. this, tem'pejature pro- 
educed at a given point in a building. In arrother example using^^ft^^ Wattage is 
analogous to and the brightness analogous to Lp. The noise of a piece oif. equipment may 
. be expressed by the phrase "the souhd'poWer level is 60 dBA'' or "the sound^ pressure 1^^^^ 
is 60 dBA at 3 ft (0.9 m)." An increase of 3 decibels indicates 2f doubling qf sound power, 
whereas an increase of approximately 10 decibels indicates a doubling of perceived sound 
pressure. Typical sound pressure d&pibels are logarithmic units for measujing the rejati^^^^ 

—levels of-various-acousticaHuantitie^ beginning with 0, fof faintest audible 

sound, through 130,' which is the approximate- threshold fpr pain. Average sound pressure - 
levels encountered are shown in Table 2-9. ^* . : :\ 



TABLE 2-9 

AVERAGE SINGLE NUMBER SOUND PRESSURE LEVELS'*(2) 

' Interior Noises . . J , dBA 

Bedroom At Night ^ ' 3040 

' Quiet Residtence 39-48 

Residence With Radio Z d 

SmaU Office or Store 47-59 

LargeStore .. < . 51-63 

Large Office ^ 57-68 

ElectricTypewritet At 10 ft 02-67 

Factory Office ^ . : 60-73 

AutomobUes , ■ "4-78 

Factories ' J5-93 
School Cafeterias ^ / 

Railroad Cars / l Al 

Garbagfc Disposals ( ^ ofoc 

Airplane Cabins ^ iJo-yo 

, ^ ' ■ a. 

Noises At 3^^t From Source . , 

Whispering l^ll 

Quiet VentUating Outlet . ■ : , ; il'il: 

• Quiet Talking. ''^^i:' ■ y In'^t 

■ NqisylViBntUatiiig Outlet ' ° , ^^l^ * 

Biisinds^achines ■ 

- . ■ .. ■• 73-83' ■ 



V Power Saws ; . : 

ver Mower - K, , . - ^ : > ' ' ^4- 02 

-^TractSrs^ \ . ' 94-03 

„!ow^r Wo0<^;!PMers , ■ ? ♦ a on 

Weumaticm ' 100-120 

Outside'' N^^^ .. .' 



ijiaywlluStlii^;^^^ \. • " 



BifdCalls 



.4045 



Quiet ResideStiaTStr^t^i V '^^^ ,40-52 

150 to 20O#From,p,^Ve Traffic ^^.^'^^^^ ■55-70 

Edge of Highway; Wiiti 0?nse Traffic ;\ V \ \ • 70-85 
CarAt65mphit125;ft..;:A\:', v^vVi " . 75^0, 

Propfelier Plane At -r^^OOift ^^^rV^^ 75-84 

Pneumatic DifllAt5d;;ft;.:-;M^^^^ 80-85 

NQisy Street' • ■ 84-94 

■ Under ElevatedTrairi, '::■;■> ■ 'i • .88,-97 

^ Jet Plane At 1 .lOOO ft^- ' a' ; a > A 100-105 

Jet Takeoff At 200. ft; \r.:: i > :<::>.;:: ;-V; ^20-125 

50-hp Siren At laO.ft . l^/^^^-. N 130-135 



Usuially, noise can be most efficiently cbhtrolled at the source. A- designer can cojitrol 
machinery noise by specifying the least noisy equipment consistent with performance. To 
meet acceptable acoustical levels, the designer should 1) specif^' allowable sound power 
levels (or sound pressure levels at a specified distance) fos tl^ equipment; 2) submit labd 
toiy. or field measurements for approval; and 3) perform field a>ia4ortnance tests. 

Designers of wastewater treatment works, should consider including noise control measures 
^(sUch as source control of machinery. noise, special architecturaPtreatmenf to absorb sound 
and to isolate noisy equipment, buffer zones within the plant between noisy and quiet areas, 
and site planning and buffer zones) to^inimize impact on community ntjise levels. These 
measures should take into account both interior noise and community noise criteria dis- 
cussed above. • ■ ' , ' 

The following. techniques, singly-'^vJ5>"r^^^^^ (67) (68), may bemused to reSiIpe 

machinery noise: 'C.i-^S' - . •• 

• « . ■ ■ ■ . . ■ . . ■ • ■ 

1. Segregating noisiest elements in groups. / * 

2. Vibration damping (using materials like lead sh^ 

3. Isolating Vibration (mounting on springs). '^S 

A. Sound absbrbing.'enclosures (withTiard outet shell and sound absorbent liner). ^ 
5. Sound attenuating at exhaust or intakes of fans pr compressors: 
6- i^roviding full pei?st?nnel enclosure observation bppths*in auditoi^ damagfe'iisk 
areas. ■ . <, ", . . • '--^ 

7. Providing partial protective booths*<op^en in rear):\; : 

8. Plenum treatments (devices admitting low-velocity air, to prevent escape of exces- 
sive npisp)^/^ ^ , r ' ■ 

9. .Pit)Maggirig (lining or covering that absorbs^ rWiate 

' : 10. Providing partial barriers. . . . • ' x 

■* ^'U. Lining ducts. • , ''^ . 

12. Using silencers, mufflef-s, or mujtes (attenuating noise from high vejbdty flb^^^^ 
, gases by multiple reaction of ^otkd .\yayes acoustically absorbent suj^^^^ 

eUminatir^ turbulent flow; and reducingtloW v^ V -- ;-^"' ' 

13. Providing ear plugs and jnuffs. :^ ^ ^ ^ ' * - ^ • - * , : 

14. Reducing motoApeed (to Jowest practical jeiiuirements in combination with size 
and pressure to produce j ^uir ed power). > 

J5. '" Selecting valves not rtprftia'lly noisy (pilot-operated' or compound valves rather 

than dirept-acting. or single stage). ^ 
16. Keeping air put, of hyd ; v 

;.; 1 7. - Prevehting develot)ment :of cavitation in pumps (by keeping suction line velocities 
to less than 5 ft/s ( 1 .5 m/s, keeping inlet lines shoft and with a.minimum of bends ' 
and joints, etc.). f ^ ^ 

18: Reducing turbulent flow next to flat metal plates! ^ -v 

19. Using'Ribberlike flexible connections in drive shafts. ' 

20. Reducing gear noise by maintaining equipment, controlling alignment, and using 
• . enclosures. ' x 



The foUowingtechmques may be used to. reduce constract^^ . 

, ■ * " * ■' ■ . '. ' 

1. Replacing individu'al operation and- constructioMechniques by less noisy ones; for 
example/ using welding instead of riveting, mixing concrete offsite instead of 
onsite, and employing prefabricated structures in?t^ad of building them onsite, 

2. Selecting the quietest alternative items of equipment ; for example, ^ 

of diesel-pdwered equipment-, hydraulic tools instea(ft)f pneumatic-impact tools. 
. - \ 1. Scheduling equipment operations to keep average noise levels low; for example, 
scheduling the noisiest operation to coincide with times of highest ambient levels, 
'': keeping ngis^ levels relatively uniform 'in time,,turning off idling equipment, and 
restrictih|WQjrl!:ing hours. _ . •' \. 

/ 4. IncreasiJi^'^V number of machines at worTb at any. one time (this will reduce the 
:. duration of noise .eXposuj^. although it wiU increase the noise level during; that 
: ^iLrtibuiar time of operalid^^^ ' t . , 

5.' Making use of speed limits to control noise from vehicles. . , ' 
. -6. Keeping noisy equipment operations as far as possible ifrom site boundaries. ■ ,. 

7. Pro<akini enclosures for stationary items, of equipment and barriers around p^tib- 
. r.yularlydioisy areas oq^^i^^ ^ 
^■^f^Lotating haul roads:behind natural earth berms Qr-emibankments. 
^^^^^^^^^^ - . 1. 

V;:{^f-^|)I-^Jleplacing muffle O ' : ^ v> 

^ 41^ bent, or damaged engine enclosures and ifteff^ctiye insulatiphv.: ( 

■ ■Noisjc&htel measures WiU be effective qhly^as'^^ controF devices ,axe"pi:c>p?rijf main-^ 

:,f-tained. ^' • , ■ . ■■.-.■^ '■' * ■ ■ .' '/^^ • ' ^" ■ 

^The recentjj^^ g^^de on ribise control is a good source ibr 

-general cpntr^^^^^^ fbir'ariy neW waste>yater facility or for extensive alterations to 



existing :facili|i)Sf . . • 

Suiter infotWiatibh^a^^^^ noise aiid its control can: be found in references (2), 

;;^70),-and (71).- ■ ^ . ' . ' - ' ■ ^ . 

f 2>S>. Trucked and Marine industiy'Wastes ^ „ / - 

.Many small wastewater treatment plants wiil be located in rural areas' or near small harbors 
' or ports. At these 'locations the plants may be required to treat waste from isolated sources 

(which may be trucked to the plant) or waste from vessels (which may be conveyed to the 
•plant by several m^hods). In many cases, the ratio of these wastes to be treated to the 

normal lo^id on the plant wilLbe high, and therefore the "design must take*this factor into 
" consideration. 



2.8.1 Tr>ucked Wastes 



trucked wastes can include septic tank sludge and chemical toilet wastewater as well as 
- almost any chemical tha^ is dischiarged by an industry or a marine vessel. Extreme caution 



■ should be taken to prevent upset of a plant treating trucked wastes, to avoid shock loading 
. of a . treatment process. ^ ' 

Truck^'human wastes can be classified as septic tank sludge fseptage), privy vault wastes, 
and-recirculatuig and chemical toilet wastes^.The solids content, organic strength, and toxic 
chemical concentration of these wastes are the most important factors in developing dilu- 
, tion Criteria ^or their acceptance at the treatment works. The type of treatment available 
will dictate the dilution required. If the facility consists of a biological process with no pri-- 
mary clarification,- the l^iological process must be designed to handle the additional load or 
sepM-ate treatment mustTbe provided. ' ~ 

The increase of solids from synthesis of soluble organic- matter in trucked wastes'can upset 
.. the equilibriwn of a ijiological process. A practical. limit4without pretreatment for the 
allowable increase in spUds) is. up to 10" to 15 percent pf the concentration 'af . the mixed 
liquid solids, to prevent ;a substantial upset in a biolo^cal system (72). • '^V i 

The high oxygen requiremejt^ts for stabiUz^tion'-^f wastes may overt^^^the plant's 
oxygenation capacity-;i|^ufficient dihition: is ii^jt;^)^^^ if the .aeratioW^facilities are « 
not adequately sized/to't^e trucked wastes:^;;^ ' ' " . 

pe addition of. (Jhemidal toilet wastes to biological' treatment processes" should be avoided, 
if possible, because pf:.the-;aecumulation of toxic chemicals. Processes other.than biological 
should , be . used, T}ie chemicals, used in these toilets vary,, but primarily cbiisist 6f zmc pr 
formaldehyde compounds. Therefore, periodic checks should be made to prevent these/ 
toxic chemicals from retarding pr completely stopping the isiological process. 

.Some of the primary requirements of a transfer station-fer handUngtrucked waste and coh- 
trolling flow to the facility in elude: •• " > ' 

1. Adequate storage-capadtyvto equalize flows. . 

' 2. Ease of tmck unloading without spillage. ^ ^ r 

' 3. Comminution and screehing. - . 

4: Odor control. 

i '5. Pumping flexibility and -reliability. ' . V v' 

: . ^ 6. Possibly aeration, or mixing to provide oxygen or to keep soUds in suspension. 

Additional informatio-n on the. characteristics of trucked wastes and the design 6f facilities 
to handle them may be' found in ^hapter 14; and in references (72) and (73). ^ 

2.8.2 Marine Industry Wastes . 

Marine industry wastes would include waste from vessels and dock faciUties. The waste from • 
vessels in some ways is similar to trucked wastes. Vessel wastewater would include domestic ' 
waste bilge water and nonoily ballast water. Domestic wastewater could include water from 
toilet, gaUey,. sink, shower, and laundry. Many ships affe equipped with hplding tanks, recir- 
culating toilets, evaporating systems, or incineration devices, which can' Wer the quantity 
iand character of the wastewater. - 
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The disposal of was^ater frolff vjessVis requires cofisiderin&'both coUectidh^^Mfe^ 
To coUect vessel wastewater, a central pump-oiit facility in the harbor ot a^s^j^stfe^^^ 
/ active docks, or mobile collectidil by trucke r barge, or raihroad car may .b^^^ 
• necessary Iteatment may ,be Igqated 'at a municipal treatment piM. or in .g^arbpA 
vessel treatment system. Factb7s to be' considered in designing faci^^^^^^^ treat vesse^' waste- 
s-water include:.- ■'- ■ V''' , • -'v J ■'. *^>^'v^' ^ 

1. ' Storage'for large sdi^^ ■ / ■ ' ■ 

2. . Potential agricultura$i^i!^^ * * , * \ ' 

.3^r Access to. dock^fa^ji^^ / * • . . " . \. 

. • > 4. Remotene^tS-c)^ ' ^ ^iv^^^^ ^-^^'^^^^^^^^^^ * 

.5. Large vbiumeVpf ■ 

6. Time constraints bh ,di9pds^<* .y • ;^ • ) - f-- 

7. .Excessive waste.handUng,un.der current pF^^^^^ 




Bilge: water is water collected in the'low'est^part pf;th^ ship^ resulting from leaks or spills. 
Jt may ;be contaminated with oil, solvents, ij^|l(f scal^^ other materials. Treatment 

* of^^ilge water would involve oil separation -and disposal ope^^ as skimming, 
chejnidri treatment, flotation, adsorptionV^d incineration. Other processes- may also be re- 
quired to eliminate physical or\:hemical contaminants that may be present. Treatment may 
be possible in a municipal kystem. with proper, pretreatmeht, or an independent treatment 
system raay be required. > , ' 

Ballast water is commonlj^used to compensate for underloading of vessels. This ballast-may 
iDe taken from polluted harbors and eventually discharged in cleaner harbors; Ballast water 
dan have many of the physical, chemical, and biological characteristics of bilge water and 
must be handled with similar caution/' • . ' ; 

Currently, there is.n6t much information available on the characteristics of marine industry 

• wastes other th^n\sanitary wastes. There are many studies underlay that will provide mpre 
-data on vessel wastewater treatment systems and the characteristics of Vessel wastewater. 

For more detailed .discussion of the information presented in this subsection, see references 
(74)and(75). ' _ V ; . 

2.9 Effluent Disposal ^ : 

Pollutants can be removed from, wast e>yater to -any degree desired, depending on the treat- 
ment processes ised. The goal of sofincl' engineering in wastewater treatment'is lo provide a 
degree of treatment consistent with the requirements for disposal or reuse at a* minimum 
cost. The disppsal may be b^dilutionlin lakes, rivers, estuaries, or oceans or discharge on ' 
land by agricultural use, r^reational use, groundwater recharge, or evaporation. Reuses 
overlaps the disposal methods by including irrigation, groundwater recharge, and im- ^ 
poundment for recreation. In addition, reuse includes use as industrial water (which, along 
with agricultural use, has great potential k the United States) and municipal use (which 
now occurs indirectly, but may occur directly in the future). 
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Water.. poUutioq control, by, setting re0eivdi»g > Water; pr^^^s^^^ led^ 
removing a midnium of the poUutants inti jett 
tion. The amount of seltpuriflcation bf:^ 
chiding volume of flow, available 'wcygen,:ai^ 

t^e aMinulatiVevcapacity of the receiwng :\yiters and the unfair use of this caiiadtjr by 
..upstream usets'-have prompted development o^tiie 'feffliie^ standards'' 
posal, now part of Federal law; Statesr and regions still enforce stream^^ s which are 

mop stringent than Federal effluent stari^^ 



The foUowingis a brief discussion of effluent disposat alteihatives; More discussdons 
of standards, water quaUty criteria, and" effluent disposal conditions ar6^ c^^ 
^ferences(20),<76),('77),(78),and(79). ; •' ^ V / -' ' - 

' 2.9.1 Disposal to Siirface'Waters V > . ' 7-¥~ 



Wastewater disposal to surface water is the tnost common iiiethod iised to datie 'f 
method includes disposal to streams, lakes,: estuaries, and oeeans. After Water qiiaUty start- 
dards (based on use.and permissible thresholds of pbllutants and on best iiSe ofthe reC^vini 
water) have been determined, the treatment requireirrierit for a specific' disch^l^^ be ^ 
determihed. ■ - ^^ ■ ■ . ' - ^ .^^■■c 



2.9.1.1 Rivers or Flowing Streams 



Dunng wet^seasons, a river's flq.w and velocity increases and canies soii brganie^aterial ■ 
stnpped from the surface of the earth and the jiver bed: Wheh^^p^^^^ 
loses carrymg capacity an^^rops some of this material into pbols anct ponds along'its rdute ": 
With each cycle the e90l6gi^ equihbrium is upset as water flow^increases or decreases^^^^^^^^^ 
solids are scoured up and deposited. , » : ' / . . V 

^ . . ' ' *' ■ ' , ' ' ■■ ' ■ ■■■■ ■ ■ ". ■ ' 

The oxygen resource bf a stream is another factor that is important iA the 
capacity of a stream. Oxygen 'in a river cah be obtained from its-tributaries, Surface draii^agej^ 
groundwater inflow, reaeration'from the atrfrosphere, and photosynthesis of aquatit planl^v' 
and algae. For a detailed discussion of these factors, see references :(iO), (33), and (78). i ^ 

Human activities will have varying effects on a stream. The most iniporitant faclsirs ill WaSteiT ' 
watel: discharges include excessive ojganic loading, suspended matter, nutrients, and . the :• 
various iorisor compounds that change the quahty of the water. ■ ; "T^^^^.; : 

Organic loading is a most significant factor in wastewater, disposal to a stream, because of 
the limited assimilative capacity of any stream. Depending on the flow and the oxygen 
resources in the stream, the addition of organic matter^ to a stream can have effects ranging 
from no noticeable effect to septic conditions with noxious odors, floating sludge, and die- 
off of ail higher life forms. The majority of the organic matter is associated with the SS of a 
treatment plant effluent. ' : ' - x ..^ 
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Nutrients added to a stream may iiica'^ase the aquatic life in the stream, which in tunj could • 
•cause an oxygen demand when the adhi^^^ ' 
dissolved oxygen in the stream, thelincreased aqUatic life can produce ta^te^ and Odor ndt 
associated ^ith septic conditions. . — -.^J:-- . ^ . , , v ^ 

; Suspended matter irv a tteated Wastewater 'discharge 4^ nbmrially present in small quantities ; . 

yet can sighificahtly ' affect a .river. An excess*of fine material can .hasten, the. 01JJng of Jhe . 

riverbed and dSmage miich of the littoral environm.ent in which fish^pawri and their fbtid. 
^ chain flourishes/ : \ '• 

: '". " .• . ■ ' " ' ■: • '.O^.' ' • t .', ■ ■ " 

yariousigps and cpmpounds in the effluent niay-haye^different effects on different streams/ 
depending on the stream's characteristics. Toxic.xD^pounds can reduce aqUatic life. Other .r 
ions and material may be^ precipitated in a stream or adsorbed on'particles that settle to the^^^ 

•'Stream bed^ Many ions and dompoiinds will b degraded or converted to other forms that y 
vdll be Harmless to the environment, ■Some. materi^^^^^^^ asiDDT, leaxl^ or. mercury can be 
concentrated* in the stream food chain ^and may, eventuajly harm many higher life forms,; 

^ iifcludihghumaris. . . - ' / . 

/ .In determining the effl^ IJnaitations fbj. disposal to a river, all of. tfi^ factors mentioned v ' 
, ptevipusly must be considered. After the watet qualify : criteria have been det^rpiined, ^tjie 
av^l^tte diM DO .can f)e used to dp terniine effluent requk^ 

inenb .can then be compared with the apprppriatie effK^ent standaffis.' Each discharge w * 
have to. be considered for its specific Umitation^i The most critic for most river 

dispos^ will usually be when the flow is at a minimum, reducing diIution,;and whpn water ' 
- temperatiire is high, reducing oxygen tran^ V. v . f - . ^ ^ . \y ■ 

ISA 2 Lakes or StoreWater v \ ' / v ' ? ' 

■ ; *' -'^ / ''"'^ ■ ''^-y ■■'./v^''- ' ' ■ ■ ^ 
Wastewater discharged into lakes will nprmally reduce the concentration, of pdlliltants^ de-. : 
pending on the size pf lake' and characteristics such as stralifi^ation and vertical mixing. • 
Wave^ action, mixing, precipitatipn, aqUatrc plants, ii^ow ^an provide reoxygenatipn 

; .and increase :the DO; The bacterial cdntent of stored water.jfan decrease because pf. lack qf ,.' 

■ prqper food, sedimeritation,^ otherorganisms. ; 

= }ifg^^^ the effeet'6f'la*:e^j?r rese^oks-o^ Effect of wastewater^ . 

Qi^ ti^ we or reservoi outflow, c^^^^j ^ 

seri6^j}{ affected.^^ 'many wastewater components. In areas where evaporatipn-is sighifi-;.^^; 
cajit, tS'^^^^ salts and total solids in a lake pan be' mcreiased^ 

The m^ serious eWects of wastewater ^^^^^^ 

waste, 2|;^nutrienti5 affecting^utrophication, and 3) concentrating pbilut^^^^ ' 

Wastewater dilposal .to a lake vyill' depepj size .Sii'ti;^^ Smallfl:; 
t :shallow.iake& wifl hpnha^^^^ 

:■. • fpf dilution. JLalces, ponds, and ressrboii? Ifay^^ (3^.2.8^to 

] .•.4.92 m)Tyill be subjected to s^asdn-fejate'd cy^^^^^^ : • ; • • 



Stratification results <rditti increased >yater density ydtlx depth; resulting from ^decreasing 
temperatare. The; stratification of a lake can be divided intojthi^^ top is a zone 

of circulation knbwiti as the epiUmn^ zone is subject; to mixing because of wind 

action or diurnal factors, caused, by the siifengof a thin layer of surface water that is^cooled 
at night Within this layer, the dissolved ox^en, Ught,:and carbon dioxide are plentiful for 
aquatic life. The middle zone is the thermbcline, which i^ charactferi^ed by a rapid decline in 
temperature and dissolved, oxygen. This zone is extremely resistant to mixing and is often 
the location, of the highest quality water in the lake. The. bottom zone is the zone of stagna- 
tion or hypolimnion. Within this zone, dead organic matter is deposited by sedimentation, 
and the water is devoid of oxygen* and at a relatively low temperatjure. ' . , 

Vertical mixing Qf deep lakes usually, will occur once or twice a year, atleast when th^ 
. temperature of the lake becomes uniform at: approximately 39° F (4° C), the temperature at 
wmch water density approaches a, maximum: When this condition occurs (normally in spring 
anil fall), the lake water becomes unstable, and wind disturbance can cause vertical circula- 
tion in the entire hke-. Dunng this upset period, which lasts a few weeks, the lake may 
become completely mixed. 

Eutrophication is a term used to describe the process of maturation of a lake from a nu- 
trient-poor (oligotrophic) to a nutrient-rich (eutrophic) body of water. Most lakes in their 
early stages of development were nutrient poor, with a small amount of nutrients derived 
from 'weathered soU or degradable prganic matter. As a lake matures, the concentration of 
nutrients will build up, depending primarily on inflow and outflow conditions. 

^ ^ 1 ' ... , 

Human activities have caused artificial enrichment to occur, c|ianging the condition of many 
lakes in the United States from nutrient-poor to nutrient-rich. This change Ijas occurred "over 
a very short period of time and in most cases has been caused .by the disch^Bge of waste- 
water into lakes and other stored water, along with the runoff from agricultural land, farm- 
land, and other areas where commercial fe'rtilizers may have been used: 

i ■ \ ,' . • . . • ■ 

Because of the sensitivity of lakes to nutrient addition, it is very important to consider very 
carefully the discharge of nutrient-containing wastewater. The effects of eutrophication can 
be severe, and its development should be retarded as much as possible. Once eutrophication 
has set in, it is very difficult and in most cases impractical to overcome. A more detailed 
discussion on eutrophication can be found in reference (78). - * 

Tlie concentration of toxic pollutants in the. lake food chain is: another serious problem, 
with the occurrence of waste disposal to lakes and other locations, where fish and shellfish 
live. 

Lead, mercury, DDT, and. several other si^bstances that can be found in wastewater have' 
been shown to become concentrated in the food chain. These pollutants, which may not be 
harmful in low concentrations, . can be concentrated to such an extent that they seriously 
affect higher life forms. - 



2.9.1.3 ' Tidal Estuaries and Oceans ^ 

In tidal estuaries, dilution is complicated by tidal action, which can carry portion^ of the 
NVaste back and forth in the same region for many cycles. This is caused by differences in 
density of fresh water, wastewater, and sea water; wind action and density currents that 
work against vertical mixing; c'Sagulating and flocculating effects of saline water; and^shore 
and bottom configurations. Reference (20) discusses the dilution of wastewater in estuaries 
* and oceans. ' ■ % ' ^ 

' V dilution, dispersion^ and movement of wastewater discharged-' info the ocean, or into l^ge 
lakes offer speciaT design problems. The init'ial dilution is normally provided by the de^gh ^ 
of diffusers to cause mixing by jet action and densily differe^es. Dispersion by diffusion 
cannot be controlled' by engineering desigh, but selection of an ocean outfall location, 
where normal current? will assist in dispersion, isumportant. ; ^, 

"2.9.2 Land A^lication of Wastewater ^ ' 

Land application of wastewater has been practiced worldwide for oyer 135 years. la Mel- 
bourne, Australia, approximately l^,OdO acres (57 km2).of pasture have been irrigated with 
wastewater for ov*r 80 years. In 1850, in Berlin, Germany, a wastewater farm was started, 
in. which 21,000 acres (85 Jfm2')>ere irrigated by .1905. Since 1935, 57,000 acr« (231 
km^) of pasture and^ vegetables have been irrigated in Leipzig, Germany. A great deal of 
information on this practiceMn North America is contained in references (80), (81), (82), 
and(8S). '\ 

The most ^common reasons for use of land Application would be to provide supijlemental 
irrigation water to augment groundwater supplies, distance and cost limitations of transport 
^ to other suitable disposal Ipcatidris, and cost advantages ^^over'othof forms of treatment. 
Laijd application uses include 1) irrigating crops (such as gra3ses, alfalfa, com, sorghum, 
citrus trees,' grapes, and cotton), and 2) irrigating areas for recreational putp6ses (such as 
parks, golf courses, sports grounds, ornamental fountains, and . artificial laSes). Municipal 
uses include landscaping streets, Wghway media strips, and school grounds. In addition, 
irrigation of cemeteries,' college grounds; airports, green belts, and<forest pteserves can be 
provided. Augmenting of groundwater supplies by recharging aquifers with^eated waste- 
water is being done to prevent salt intrusion. ' ^ ■ 

/ . ^ " , • 

Meyiods of land application\can vary, depending on the conditi6ns at each location. The 
methods can be Classified as irrigation, overland flow, and infiltration-percolation systems. 
Irrigation is the application to the land of wastewater, by spray or ridge and furrow, to en- 
; hance 'the growth of plants. Overiand flow is the application of wastewater to grassed slopes. 
The vegetation acts as a fixed film contactor. Infiltration-percolation is the application ^of 
large amounts of water to a porous soil, which infiltrate the soil.surface. 

' - * . • ' ■ 

^though land disposal has been used for many years, there are a large number of unknown 
factors concerning the effects of the treated wastewater on the environment, and vice versa.' 
Mahy research projects have been undertaken or are underway to provide the needed infor- 
mation. The research has shown that, with good management and pfioper monitoring and 
^control of the systems, successful use of land application can be obtained. *In designing a 
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suQQBssfatsystem, the following factors must be considered: \, ' 

. ' / . ' ■ ■ • 

. ,r: Availability and type of land. . * . * 

2. Aesthetics. : • ' * ; 

3. •Economics-. . 

4. Topography. * 

5. Underlying geologic formations: * v 

6. Groundwater level and quklity. , 

- . 7. Soil type and drainal^ility. • . • > ■ 

•8. JVaste water characteristics and degr^^ 

. 9. Purification effects of soil, soil bactelria, and plants. 

10. Public hesilth; ,^ 

11. Possible! buildup^ of toxic substances. > 

A'thorougTi consideration /of these factors requires the , combined efforts of geblogists, 
environmental gigineers, agronomists, soil scientists, social and behavioral scientists, and 
medicairhealth personnel. Because of the eromplexitv of land appUcation systems and the 
number of disciplines involved, gre^t care shoilld 6^aken in designing a land^'a^ijl^tion 
system for a smalf planf. To point out the, complexity in s(tich a system, some of the^more 
important factors are discussed below. 

■ •■ ■ • ■ . ' ' ' . ■ ■ ■ ■-■ ■ ' \ , ' ■ . \ ^ 

The degree of treatment before 4and application will depend on the method of application; 
the rate of application ; odor problems;' possible ponding; type of vegetation to be irrigated; 
physical, chemical, or biochemical properties of the soil; and public health concerns. These 
factors, important in determining the required pfetreatment, are interrelated with each 
other and with thef other desig^i considerations mentioned previously. For example, in con- 
sidering public health concerns, the possibility of inhaling pajhogenic aerosols from a spray 
^irrigation system should be evaluated. Mosquito breeding can be a problem resulting from 
ponding. If high rates of application are us.ed. The presence of minerals such as sodium or 
nitrogen, which caif build up in a groundwater supply,' may be'a problem. The minerals 
present in wastewater will be affected in different ways by the purification effects of the 
soil, soil bacteria, and plants. ^9 . ' / 

The natural purification processes depend on the interaction of many physical, chemical, or 
biochemical factors. The effects 'of these factore wiU vary, dgpeiidirig^on the cqnditions at a 
land application site. Some o£,the importaht factors would include- 

1. Oxidatib'n or reduction. ' * " ^ • . 

2. Adsorption or desorption. * , 
II 3. Ion exchange. * . . ^.v 

4. ' Precipitation or dissolution. » . ' ' , " » ' 

54r Aerobic or anaerobic^econiposition. . \ ^ 

) ' 6. Antiriosis or symbiosis., a5 i^* 

7. Fil||ption. ^ if" " " * 

* 8. Plant uptake of minerals. ' ' 



Mofe^etailed discussion of thesftfactors is included in||eferences (80), (81 ), (82), (84), and 
(85). Several publications, are also ay^ilable eovering results (5f land apiflication projects 
• ♦ • . ♦ f ^ 
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Major projects include the Muskegon County wastewater management system (86) (87), and 
the Penn State studies* (^3) (89), both of which use spray irrigation, and the Flushing 
Me'adbws project (90) in Arizona, Which uses infiltration for groundwater rechargp.. 

■. . . • 

2,9.3. Reuse of Wastewater 

■■ ■ . •■ • ' » ■ 

Reuse of wastewater can be divided into, four categories: municipal, industn^, recreational, 
and irrigational reuse^Many projects have reclaimed-water for different reuse applications. 
Lawrence (91) tabulated some of the existing wastewater reclamation projects (Table 2-10), 
and discussed systems to satisfy effluent quality requirements for reuse of wastewater. Irri- 
gational reuse has been discussed in Section 2.93. Factors invohred in other reuse- 
applications and some oif the water quality criteria are discussed .below. ^ 

Tl^rpational reuse is normally the impoundment of wastewater for, recreational purposes 
and is often combined with irrigation al reuse. Indian Lake Reservoir near Lake Tahoe serves . 
as a reservoir for irrigation water as well as a recreationa} lake. The water quality criteria 
must be stringent, because dilution is not available or adequate in most instances. The waste- 
water quality parameters . affecting recreation^* use -thdJmost are SS, oxygen-demanding 
organics, bacteriological and virological quality,^ nutrients, 'and toxicants. Reduction and 
cdrttrtJl of the pollutants d?fmed by these pararfreters would allow reuse of treated .waste-/ 
water for this appUcation. T|he' best documented example is the recreation project at'^Santee, 
California (91). . \ 

Industrial reuse accoiirfts for the largest quantity of wastewater use in the United States. 
Most of this water is used for cooling purposes, with smaller amounts for boiler-feed water 
and p^cess waters. Most industries are accustomed to drawing available^ water and treating 
it to a degree suitable for a particular use. Water quality requirejnents fop^arious industrial 
activities would include the "following: 

V V . ■ .r^ ■ ; ^-^ ^ ■ 

1. Electronics-high-quality water, often approaching Completely demineralized 
5^ater. ^ ' 

2. Food Processin^municipal water quality or better, for specific processing needs. 

3. Manufacturing (including chemicals)-.municipal water quality or lower, depend- 
ing On the product to be manufactured. 

4. Pulp and Paper Mills-specific requirements on dissolved inorganic substances- 
particularly chlorides and iron-and hardness (low color and turbidity also re- 
quired for some operations). ' ' ■ \ ' 

5: Steel and Metals-generally used' low-quality water; particularly concerned about 
corrosion, hence restrictions on chlorides and pH and temperature in cooling 
operations. \ t 

6. Boiler Feed Water-required quality of feed water dependent on operating pressure 
ran^e of boiler; specific requirements approaching complete demineralization, 
• inclading removal of ammonia, phosphates, organics, dissolived inorganics, and 

' deoxygenation (even municipal-quality water is treated before becoming accept- 
\able boiler-feed water). ^ 
- 7. CooUng Water-quality requireVients low; biologically treated municipal waste- 
water often used directly as cooling water (low-quality waters may require chemi- 
cal additions for prevention of mineral scale or l^iplogical slime formation). 
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TABLE MO 



SUMMARY OF EXISTING MUNICIPAL WASTEWATER RECLAMATION PROJECTS (91) 



Reclaimed Water Use 



Location 



MUNICIPAL 



undwater Recharge " 
IntWd uctioii to Water Distribution'System - 
CrcUdwater Recharge . * ; 

INDUSTRIAL 

Power Plant Cooling Water 
CliiemicalPlant -Cooling Water / . 
Power.Plant Cooling Water ' 
Steel Mill Cooling and Process 
Refinery Cooling, Boiler Feed, and Cooling 
Refinery and Petrochemical Cooling and Boiler Feed Odessa, Texas 
Industrial Water Denver, Colorado 

' . '. ■ • ' 

RECREATIONAL 



Whittier Narrows, California 
Windhoek, South Africa ■ . 
Nassau County, New York 



Burbank, California ' 
Midland, Michigan 
Los Alamos, New Mexico 
Baltimore, Maryland 
Amarillo, Texas 



Reci«alional Lakes, Swimming Pool 
Recreational Lake 1 

IRRIGATIQNAL t 

Alfalfa Irrijgation,. 
Citrus Grove Irrigation . 
Pasture, Cpm, and Rice Irrigation 
Pasture, Com Irrigation • 
Cotton and Milo Irrigation 
Landscape Irrigation at CCCSD 
Irrigation of Golden Gate Park • 
Golf Course Irrigation 



Santee, California 

Camp Pendleton; California 



Gait, California. 
Pomona, California • 
Woodland, California 
South Lake Tahoe, California 
Fresno, California 
Pacheco, California 
San Francisco, California . 
Ventura, California 



Reclaimed 
Water ■ 
Production 

m 



10 
1.4 
18.5 



1' 

6 

2 

. 6 ' 
2.5 
102 



0.4 
0.7 



03. 
6 

1.9 
■3.5 
18 
0.5 
1 

0.5 



BasiC^type of Treatment 



Sebondary (Biological) | 

Secondary (Biological) + Pond + Phys.-Chem.' . 

Secohdary (Biological) + Phys.-Chem. 



Jecondary (Biological) 'ry , 
Secondary (Biological) 
Secondary (Biological) - : 
Secondary (Biological) 
Secondary (Biological) 
Secondary (Biological) ^ 
Secondary (Biological) + Phys.-Chem. 



■ V 

Secondary (Bi()bgical) + Natural lli^dia Filtration 
Secondary (Biological) + Pond ■ 



Primary + Ponds V 
Primary + Ponds - 

Primary + Ponds 

Secondary (Biological) + Phys-'Ch^l 
Primary 

Secondary (Biological) ■\. 
Secondary (Biological) 
Secondary (Biological) 




^Phys.-Chem. usually means coagulation-sedimentation, activated carbon adsorption, filtration, nitrogen control. 
^Plans call for capacity expansion to 100 mgd by 1986 for general municipal use as well as industrial use. 



Municipal reuse of wastewater has been pract^iQed for about'50 years in nonpotable applica- 
tions. Suojhi uses include flushing water in water-short resort areas, where dual distribution 
systems have been provided. 

Indirect reuse of river water (as potable water) occurs if upstreiam communities discharge 
wastewater into the river. A similar condition exists in ground watar supplies, in areas where 
groundwater recharge is practiced. In both situations, dilution water is an important factor. 

Direct reuse is now receiving added attention because of water shortages in many areas. The 
main experience in direct reuse has been in Windhoek, South Africa, where about one-third 
of the total water supply consists oftfeatedywastewater. In this case, the treatment consists 
of* trickling filtration, maturation ponds, alixmi flotation, foam fractionation, filtration, 
carbon treatment, and breakpoint chlorinatibn. - 

The accepted quality criteria for municipal water supplies are the USPHS drinking water 
stawlards of 4962. These standards were developed to judge the quality of treated water 
drawn from relatively pure sources. These standards, are not adequate in the areas of trace 
metals^ trace organics, and yirological quality, which would be extremely important in 
evaluating renovated wastewater for direct municipal reuse. There is also concern about the 
concentration qf sodium and nitrogen compounds in reclaimed water and the reliability of 
reclamation treatment systems. ' 

There are rnany unanswereid questions related to human health about water reuse for munic- 
ipal water purposes. Currently, reuse for drinking water purposes should be allowed only if 
all other reasonable water sources become unavailable. If reuse is considered, it should be 
approached cautiously, with the maximum amount of researching and monitoring. 

2,10 Upgrading or Enlarging Existing Plants / . 

iJpgrading or enlarging existing treatment plants may be require^because of: 

1. Inadequate initial design. 

2. -Increase or change in loading patterns. 

3. Deterioration of facilities. 

4. Changes in effluent or receiving water quality standards. 

The goals listed., in Chapter 3 must be kept in mind in the upgrading or enlarging of existirfg 
small wastewater treatmenfplants. Duplicating an existing treatment process, equipment/, or 
plant is not always the most cost-effective method of upgrading one or more characterifetips 
of ^ plant effluent. The EPA publication. Process Design Manual for Upgrading Exihiji^ 
Wastewater Treatment Plants (92), directs itself to the upgrading of treatment facilities and 
should be consulted before any plant upgrading is undertaken. This subject is also discussed 
in referfences (93) and (94). 

Representative simpler methods of upgrading or enlarging treatment plants are presented 
below. Refer to the design criteria presented in later chapters for specific information. 



2.10.1 Clarifiers , ' • 

Generally, the efficiency of a clarifier is measured by the amount of solids separated from 
^wastewater and retained in the clarifier. Inefficient ciarifiers are usually hydraulically or 
organically* overloaded, poorly operated, or inadequately designed: Upgrading alternatives 
include: ♦ ". .. v ' 



' ,1: .Addingxlarifierarea. 

• 2. Addinglflocqulation orchemicals ahead of th§, clarification process. . ; 
. 3/ 'Addihgiparallel ceittrifugal w 
4.' Increasing the. settleability of the SS by reducing anaerobic conditions (in which 

methane/, h^rbgeji, or oth^er gas releases buoy up the solids), preaerating, pre- 

chlorin^tin^; decit^g^slud^^^ 

to control gas formation. r 
5.0 Improving oil and^gjre^e remQvale • ' . . . ; . . ' ' " , 

6.' Xmpfoving screfeni^g and'grit " ' ' . > 

'7. Improving. skimming. / . : V ' > - ..^i- ' . ; * : 

8. ' EquaKzing-^ows into clarifier by nsing $^ .^ . 

; 9: EUminating sutges m flo\v. by 

10. Improving ihlet and bUtlet design. 

lllv Improving sludge withdrawial sys^^ /. ' 

12:.' Improving scum removal sy^ttrtif ': . ; 

13. ; ..Improving d^aning and general mainfenance.- ' ^ 
' 14. RetHrning activated sludge to the primajrj^^virifluent; . ' 

yi5."\ Adding activiatej^jcarbgn to the primaryinfluent! ; - . 




liters 



plogical filter depends on maintaining jRactive p'opuli^tionQt'^^ 1 
er of zoogleal film on the filter med«Fsurfaces. Spme*iC)f the vitfiables " • 



ance of trickling filters are; 



I: 



haracteristics-*large variatio 
lodegradable's reduce the efficii 
edia— a larger surface afea pei 
ge of void space per unit of M 
orgftnic and hydraulic^ loadings^ 
Depfii—deeper filters with 1 
ne^ed for best treatment efficiep6y 




; the :type or qjiantit^ pf oxygen^t; 

pf^'filter:"^:-^' ■ ••^v'-.r^ ■ ■ Jj^.. 
i^>;yplume, giphg Wijth.a 1^^ 
packed^ 

''(?feffiGie^<^;;;^^ : 
romoj^pil^i^^ (de^^^:^ 1 
e of mS^m^admg): 



4. ; kicirculation-mediavmust bb k^^^v'et^^Ib aQt^^ requjf ciirelatiy^^^ 



uniform organic feeding (som< 
^' ^ sary for improving efficiency 
.5. HydfauUc^nd Organic I^oading^ 
^organic loading (particularly in 




: efficiency. 



■4 



2-57 



Bcirculation of M,p to 400 perderit; is/iiec^^ 
w otherwise is iiitermitteht): ,:■ , i r^'^ :?^^ 
f variations or surges In eitHer, hydraulic. 6r; '; 
aiilic loading) will have a marked effect on' ' 
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6. Vei\til^i6n-i 
biala^ivity 

7. Wastewater 
riorates if tei 



Upgrading possibiU 



essentia, :bscause^ aerohi^^ are required for efficient micro- 

Ta^urfe^perfomaance of filters (particularly nitrification) dete- 
ije is lowered/' ' \ ^ 

ridlcling filtersmrp listed in Table 2-1 1. 



^2.10.3 Act^^i^^ 




The efficiency d|^^^etiv'^ed sludge unit depends on maintaining over 1 to 2 mg/1 of dis- 
solved o>:ygen ar^w^Gj^ of aerobic n)icrobes in a thoroughly mixed aeration 
tank. Table 2-12 ^^tW 

2.10.4 / ^^^^ater-T^^ o , 

The efficiency^f-^rids;d^pends^^ an optimum environment for an active 

isentiai niict^^^^ with all the biodegradable wastewater con- 

iejit; leiigtfr" o^^ adequate removal of l)acterial, algal, and 
fironi th'c^apd effl^ 



population 
! s;tituents fo 
. other micri 




- Techniques i)o w a' 
j:ati6ns (95) (. 




grading this type of treatment are discussed in several publi- 
irocess modifications include: 



: 1. Improving to reduce escape microbial cells from each 

. 2. E^.cfea§ii^^j^ loa 

^* 3, number of pand cSUs in the sysjei»<^ 

41 ^ • . . 

-Iv^ Si^^^^^ baffles to unaeraled ponds to improve plug flow characteristics^ 
' / ^ ^^^^0^"^^^ ^he methods for disiribufing inhuent uniformly across the pond cel|% 
t^^Knproving dike constnicjiona^ ^ 
ffi^Adding storage cells with sufficient capacity for twice-a-y ear-only discharge. 
. > 9,.. Adding supplement'al 'aeration or mixing. ^^S* 

- ID. Adding polishing units su^h as rock filters, intennittent sand filters, land aflfWc^ 
^tt^vj tion, chemical. addition, microstrain^, and chlo'rination-clarification. ' _ ' 

Pi^^^^etiaiis for th 

The pi^iry purposes of sUch modifications to ponds are to: ' 

j 1 .Prevent short circuUing of wastewater in unaerated po 

>2. Prevent escape of unstabilized organic nriaterial in the effluent. 
3. Provide suppiemental oxygen. - , 

' 4. * Providfe better conditions for removal of algal and bacterial cells. 
5. Provide storage adequate to' use intermittent discharge, if effluent quality is 
periodiqally below requirements, 
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TABLEMi ; ^ : : 

SSIBLE TRICKLING Fim ; . 

;:f' , WknToUse Remarks 

' • ' For strbng wastes iid deep filters in Check with media mantifactdrers ' ' , 
which natural draft is not adequate to . • i / T - 
provide oxygen needed / ^ v „*-',; 

- In rock filters in which increase in media Synthetic media are available with from 
^ surface (and biomass) will provide needed two- to four times the surface-to-volume 
performance improvement ratio of stone^; to rock media cannot be 

:' ■ usedforhighiQadingvbecause of . ■ 
' ' , T . dogging . /■ ' 

at ' ' , 

For lightly joaded filters in which May also be needed for dilution to main- 
initial removal capacity, is- not fully ^ tain aerobic conditions in heavily loaded 
utilized in one-pass contact time, and filters 
to keep media wet . 

' '• Where more biomass is needed to , Requires thorough pilot study ■ '■ ' 

increase treatm^iit . ' ■■ \ ' ' • ' . ' 

If pplishing is required after an over- ' ; > Advantageous if first unit can be con- 
to^Hefd filter . verted ta "high rate" (high loading) . ^ ■ 

* ■ ' ' operation, » ' • . ' . 

" '' ' • ■ ■ ' ■ [ ■ . ' . 

If'the trickling filter can be used for ' Effluent polishing such is filtration can 
nitrification.^ . ; greatly improve treatment- 

After settling tanks of. existing Because of low sludge yield; effluent 

secondary system, to provide polishing probably can be applied directly to 

and nitrification , ' , .. granular-mediafilters for solids removal; 

: ,. , • ■ advantageous if effljjeiit filters are to be 

, . ' , : ■ . .. included in upgrading V , . • 



tABLE 1-11 (continued) * 
v v • v ; .POSSIBLE TRICKLING FIOT^^ < . 

' Modification • " ., WhenToUse , Remarks 

'■ ' ' ■ / • • •.."'"'*•'''•>,■■' ' ■ ' ' ■ " • ' ' ' » ■ t 

Add roughing filter ahead of ^ ' Jo reduce loading gn overloaded Intermediate settling hot needed; , 
tricklinpfer / " • . : filter - roughing filters are quite temperatiire 

■ . • ■■■ ... . . \ .. ■ ■ ' ; ' :"' ' sensitive; , 

Add recirculation^ convert low ' Taincrease capacity of low-rate filter Only if final clarifier has required 
rate filtw to high rate.filter / , : capacity 

\ " * . ^\ ' ' • . f ' ■ ' ' • ■. •• 

^ ' . . . • ■ , ' ■ . , 

Add aerated equalization tank : To equalize Hydraulic loading rates 

Change dosing tank or change to . To reduce time when not dosing ' ^^^^^ ^^^^ \ . ' 

smaller punfp or variable speed pumps . V V - ' . . 

Improve 'distributor arm " . 

Improve drainage system 

Add septagc in off seasons to . 
derated equalization tank 

Improve clarification by adding • ' 
clarifier, by chemical addition, by . 
adding flocculator, and/or by ; 
upgrading existing primary clarifier 

* ■ 

Change from one-stage to two-stage 
by.adding clarifier and high rate 
filter 

Add polishing units bch. as maturation If effluent if eds additional treatment 
' ponds, filters; activated carbon, or before discliarge and tp reduc|peak 
post-aeration ' discharges of BOD, SS, or Fco/i 



To^changa dosing rate or make ^ 

distribution uniform ■ > ' : / 

To improve natural ventilation . Will also reduce odors and improve. ■ 

Settling at final clarifier 

To equalize organic loading at plant . Some small plants almost cease func- ' 

with large seasonal fluctuations , ' tioning during school v'acations, resort^ 

' . offseasons, etc. . ,, ^ 

To reduce organic loading on filter If not overloaded hydraulically 

' . * .... - ; , 

•■■.■■■■V'- . ■■■■■ - -.-vV'. 

To increase capacity of organically . If not overioaded hydrauhcally 

overloaded plant . ' ' 



• • * ' Modification 
tighten process control , . 



Add final clarifier capacity 



Incrdasftasrjjtor solids level , 



•V. 



, WlienToUse 

To minimize soluble BOD in aerator 
effluent 'and improve 'settling' . , 

characteristfcs of sludge . , ' 

H>,. ' .' ■ ■ ^ ■■ ■ : ■■ . . 
If solids loading on final clarifier 

.{iinits the Solids level that can be .' 

tniiUjiamed in'aerator \ • . 

To.increa^ removal's bf waste 
.constituents assimilated by slow-; 
gfowihg micf oprganisms : , , > 



Remarks 



in return waste 



kludge and air rates and requires cqntrol 
instrumentation., < . 

Check buildup of shidge in ^arifiers at • 
high flW^tes-- • . , : ; 



' Consider effect on final tanks a<id ' 
' adequacy of oxygen supply . ; 



. Increase'iirsu^pPir iniprbvelts . • , If DO cannot be maintained -above ' Consider (jxygen aeration 



distribution 
, Change contact time to 15 1630 mih 

"Divide refaor into multiple " 
Iconip^tments in series ' 

Change to contacfstabilization = ' 

> •■■■■■■■,.•..■1;' ■ 



Check effects on settling characteristics ■■, 
, 4 sliidge; requires small variation in flow 



1 to 3!ppm.at all loads and- locations ■ 

In contact' stabiiizatiop. system in ■ 
which tests indicate rapid initial '. 
":■ remdval is beldw.level desired . ■ : '■.}- 

' If short circuitinpassignific^^^ , ,; ' ' .. 

effectoriBODlevels in aerator effluent' " i ' > 

■ For upgrading overloaded plug flow of " Avoid in sifialLplants with widejiurnal: 
m.uiticoriip^^ tanks in which,,' >;, flqwvariations ' ' V' , ■. ' .. 
• initial removal is adequate ■ ;' : . * ' • • . ■ ; ' ■ . 



TABLE 2-12 (continued) 



POSSIBLE ACTIVATED SLUDGE PLANT MODIFICATIONS • 



Modification 
Change to step aeration ^ 



V ■ _ 

Change to coni jletely .ijiixed 
activated Sludge • , 0 



1 



Improve existing clarification 

Change to completely mixed and 
add polishing unitS' 

Add.poiishing units such as ' , 
ipaturation ponds, filters, activated 
carbon or postaeration 

Change from diffused airjystem to 
mechanical aerators 



Add a . second stage aeratio)[i and 
clarifierunit ;■ ; . „• 

Add super-rate roughing filter 
ahead of aeration unit 



When To Use > ' 

For Upgrading overloaded plug flow of 
■multicompartmented tanks to hlgner 
removals than po^sifcle with contact 
stabilization • 

For upgrading any conventional . 
^ activated sludge system and for ■ 
i conversion of small contact- 

stabilization plants 

■ /■ ■ ■ '.; ■ 

To decrease solids loading on aeration > 
units v' , 

For increasing flow capacity in extended 
aeration units , /' 

/To improve effluent quality and to 
reditf e peak discharge of BOD, SS, or 
Ecoii .( ' 

To increase dissolved oxygen in aeration 
tank wi.t|(jut increases in energy or 
operating cost' ■ , ■ 



Remarks. 



To obtain, nitrification while increasing 



■ r, 



Piping changes will be very costly for 
long plug-flow tanks; step aeration ■ 
preferable in such cases , ;. 



■'r 



a. 



• To decrease solids loading on aeration 
units 



6. Provide"' adequate storage for cpm]plete containment^ if evaporatiort ^nd infiltra- 
tipn equjil wastewater inflow (care muSt be taken to prevent such nuisances as 
. . ; : fUes, mosquitpes, or odprs if complete containment is used). " > . 

tlOtS Sludge; and Process Sidestreams . ^ 

%\riie effectiveness of slucige treatment and resulting process sidestream treatment is m 

whether the treated c.an be satisfactorily disposed of without hui$ance and 

MvHether the process sidestream, diJring handling and treatment, causes nuisance cpnditions, 
inf erf eres with. other plant ^^^^^ ; > " 

besigfis for upgrading the' tilatmi^ht and handling of sludge: and pr6^^^ 

described in references (93)/ (98^^^^^ and (99). Desigji details are a^d summarized in Chapter 

14'-. ■■ ■ ■ '■ ■ '-vp^ . . . .■ ;'\-:'V^: 

2.1*1 'Kip t- and LabpratoryrScale Testing V W / / . ' 

Pilot- or laboratory-scale testing of a treatment prqcessv or of equipment is sometimes em- 
ployed , as a design aid. However, a pilot,plant for treatment process testing is seldom em- 
ployed for domestic wastewater for small muhicipaUties, uriless -^ large prdportidn pf 
flow is from industry. Some laboratory-scale testing is^advisable to determine biological rate 
coefficients for specific wastewaters, if a pilot ,plarit^ not available. If feasible, however, 
pilot-scale testing of treatment systems is the best-method of desi * * 

2.12 Reliability Considerations ^ ' . 

It is very important that |maH wastewater treatment fac be designed and constructed 
in such^amanper that they can reliably and consistently produce a treated wastewater meet-^ 
ing effluent and reCeiving-water quality standards, when operated and maintained prpperly. 

EPA reUabiftty '^uiddUi^eV folf ^a§t^^ treatment plants are presented -in iJe^/g/i Criteria 
fdrMeQhanical, Electric] Mnd J^luid:Sysierri and Component Reliability (100). These guide- 
lines shoujd be consiSefed ijy#.designprs oftreatment facilitiesf^for small cbmmujnities. 

2.13 Process Selection ' - ^ . * \, • 

V "" 2.13:1* \^ationstpNieetQrowth , • ; > . , \- 

The ratio of extreme, mfnimum; ft o'n^ the minimum day. in a year to peak flow pn the 
maximum day in the same; year ^ay be froiji 1 0-20 to , 1 ^at small v^aistewater ^yorks. Even 
the ratio pf the itia^dmum day^p^^ average, day" flow. in ^ year is usually from 5 to 10 to 
ir Infiltration of groundwater and storm water Hitbtjie. collection system can double ^he 
average wastewater flow frojii acjcommunity. If a major^j^ount of the, flow to th^ |)lant i^S ' 
seasonal (schools, ;;resorts, etct^,H5hje variatfer)S;,can be.even gfeate^;. fengirieers must take into 
■account these large variations in tlWdesign^^p *' v 
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Large yariaiions in^ flo\^ to clarifiers,' contact-stabilizatidn systems, and 66rfaiii .advanced 
waste.w^tQr tteatment j^ts>,will adversely affect the efficiency of treatment: %q 
tanks : can:^be, iised variations; For further information on equiliza- • 

^tjQnvG^^io^^^^^ Chaptef 4. Treatnient P9nds and ejctehded aerate ^e less^^affected 

"by large'iloAv^y^^ than are other t/pes ortreatifhenf c^ in^rn all. plants. 



instance; ' 5- to 
by recirculating 
utor arm if the. 



vSdme types or stmgttire^^^ more amenable to upgrading than others^^ 
''jS-Jft (1.5- to l.Srrn) deep low-rate filters can be modified to high-rate fillers 
a portion of the filter effluent to the filtqr'jfeed arid changing . the 'distiil 
clarifiers, piping, and drains are designed f or the higher loading. Similarly , e?^^^ aeration' 
units e2ui b^ Converted to step aeratiqny then to completejy niixed units,^^ a^^ 
stabilization unitSv with forethought on the part-of a designer., AnoVher^md^^^ . 
variations of flow in activated sludge units is to compartmentalize the tanks and use.suffi- 
•pient portions to make volumes roughly pro^^^ .j • ' 

• • 2.13.2 )yaste\Vat^r Treatment Processes - '^ v- ; v. 

The wastewater 'treatment ^pr6cesses th^t should, be considered for use5^ih; 'plants serving 
municipalities of 100 to 10,000 persons are tiio'se requirinig a pian^t^fhat.c^^^ 
stated in Ghapter 1, The effluents from most plants of less than 1 mgd (O.C)44iTi^^ be * 

-required to i^i^M secphdaryeffiuentLre^ .. , ■ 

Typ!cal f>lant ^Q6nfigu^at^ons thati ^ designed, : could meet secondary^reatmen^ 

standards and also the other goals of Ch^pt^M, are shoWh in Figure 2-10,. If the hy^ 
'.and. organic loadings do not vary greatly, the equalization tank^^mjight not: be*^^ 
adequate operation and maintenance are available, the polishing p>rocess'rhaY not be needecl. 

Conditions under whicblhese processes sihould be cdnsideredl ^re listed in •Table 2-l^- (37). 

■ ' ' ■• ■ ■ ;• ' '■ : . '^^ ■' . ,■ • ■■ f ^ ' 

:A comparison of operational characteristics of sonie systems is% Table 2-14; ,v • 

. V ^ lI^.S^ Sludge Treatment Processes ^ '^ ^ ^ • "^'^'^ ' 

Fpr small treatment plant?, most typeS^of kludge processing are too Cqjnplicated and require'; 
:a higher leS^r of .experience than is issually ay^lable. The}types most doriimoiil^ ehiployed : 
are aerohic cligfestio and . anaerobic digestion. Stabilized " sludge is usually dried on . drying 
beds; althougji/ other prQLcesses' are son;iqtimes used miayg^r ot more Xophisficated': plaints^ 
The various sludge treatment processes available are des.ciibed in lii^apter 14. 
information on the treatrnent of sludgb and process sidestreariis; is found in.reference.s (98) 
andX99). \ ■•■^^v- ; ; ' ; ■ / ""^ " . ;" ■.' ^'■'r''":: ^r\v'' V-V 

Only .slud^e dewatering_ is required for sludges from well-designed stabilization ponds and 
somdtiiTie§, under certain circumstances, for oxidation ditchds, for extended aferation actir 
vated sludge, and for extended filtration, tow.ejr sj^stems. Sludge ;digQst\6i\^^^m not be. t 
needed, if the sludge ilging in the last three prbcesses is su fpr adequate stajbilization^i 

and if the plant is 'Sufficiently fsglated. Lime, treatment niay 'aUow satisfactory drying.of an ' 



undigested sludge that has undergone a longer biological treatment. The stabilized sludge 
should be withdrawn for dewatering and disposal before solids accumulation knight begin to 
affect SS removal in4he final clarifier. . ^ ' 

2.13.4 Integration of Processes * 

y . . . ■ . « . • ■ • 

Once the information on present ancTprojected flows and organic loadings (with expected 
variations and. characteristics) has been determined, a preliminary study should be itiadeof 
*4he various combinations of processes that can efficiently meet •effluent requirements^^$^|ten, 
three to five of the most feasible processes shdWd be selected for i^re detailed ^st-effec- 
tiveness studies (see Chapter 18). 

The need for some commonly included process units in tre?itment systems depends on loca- 
tion climate, hydraulic Joading, organic^ loacmig, characteifeticsVof the Organic loading, 
effluent requirements, type of operation and maintehance pe||^mel^ailaj|>l^^^ 
possibilities. Such units include screens,, comminutors, equal^H|M£incs/^stti§^ 
.sludge stabilization processes, and polishiog.^i^ts^^All seco^^^W||^tmei^^^^|h^ 
disinfection and sludge-handling capabilities. For operatipn^^MKntenan^fa^pl^ 
require a laboratory and a Workshop, -although these may jbe>liniited „to bare necessificS, 
depending on ayailabiUty of b^ackup services and facilitieis.V * . , 

Primary clarifiers may riofbt requrred, or the size may be limited to that needed to remove 
only the coarsest settleables'olids arid floatabK' greases and oils (if the biological process can 
effectively handle the incre'isedlliiad at a cost less than that of adding clarifier capacfty). * 

" ^ *■ ; . ^' ■ ' . ' ' 

A flow diagram (such as that shovWfi in Figure 2-1 1) should be developed for most of the 
alternative systems--those that include recirculation of recycled process sidestream?.— to 
ilisure that all inputs into each unit, are considered in the. design. Recirculated sludge and re- 
cycled supernatant, centrate,* or filtrate usually carry high concentrations of solids, eVen 
though the flow rate, may be small, The drainage from sludge-drying beds>shortly after the 
beds .are loaded can also be a temporary problem, Some solids are gasified during treatment 
processe^s, and thus a careful balancing is required. " . 

2.14 Operation and Maintenance Design Requirements - 

The- optimum space and facilities for operating and maintaining wastewateriRtreatment prO: 
cesses vary, for each type of equipment, each layout pattern, and eacfh specific plant site. 
The equipment manufacturers' manuals indicatdi/ecbmmended operation and maintenance 
space and facilities. (They are riot, ho\yever, necessarily oi^timum uhdei^all conditions.) 
Some design manuals list a 3- to 4-ft<0.9~to L,2-m) clear space around punfips, while the 
optimum.on different sides might be 0, 3^^8, or 20 ft (0, 0.9, 2.4, or 6.1 m). ^ . 

Individual attention must be given on hov^ to best install, replace, repair, operate,^and main- 
tain each^pieCe of equipment in conjunction with airaidjaceht equipment, taking into con- 
sideration site and structural limi'<?ations. Question^ that should be considered by designers 
in Qj)timizing operations and maintenance sps^ce^nd faci 
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EXTENDED 
FILTRATION TOWER 



COMPLETE MIX ACTIVATED. SLUDGE PLANT 





r— r 



' — : 1 

I ._ 
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STABILrZATION POND OR AERATED- 
LAGOON SYSTEM 



AERATED LAGOON OR STABILIZATION POND FACILITY 




OXIDATION DITCH FACIIITY 



FIGURE 2-10 (corrtlnued) 
SECONDARY TREATMENT CONFIGURATIONS 
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TABLE 2-13 



APPLICATION OF TREATMENT PLANTS FOR SMALL COMMUNITIES 



Process 
Rotating Biodi^k 



Trickling Filters 
Low Rate ^ 
Intermediate Rate 
High Rate 
Super Rate 
Roughing 
Extended (Tower) 

Activated Sludge 
Complete Mix 



Contact Stabilizat 



Extenc&ed -Aeration 



'•Oxidation Ditch 




Stabilizadon bonds' 



Physical-Chemical 



Type Wastewater and Locations Available 

. ,'•'■>• . 

Small communities. Cover against freezing, heavy precipita- 
tion, or to control odors. Can be used if filamentous orga- 
nisms would trouble o th gjc biological processes, because they 
are less susceptible to such activity. 

Cold weather affects efficiency, so covering may be required. 
Nitrification possible with de^p filters and low loadings. 'Can 
be used if filamentous organisms would trouble other bio- 
logical processes. Low contact surface loading rates nfecessary 
to achieve high removal efficiencies. > 



General application. Resistant to shock organic or toxic load- 



ood if , BOD is largely colloidal or suspended. Used in pack- 
ge plants, if large fluctuations in flow are not expected. 



Good for smaller communities. Good for package plants in 
housing developments and recreational areas. ^ 

^General application. Good for smallpr communities. Gen- 
erally reliable with minimum operation. ; 

Gbc^ if large land areas are available. Should process for 
microbial cell removal before discharge or provid^^storage for 
semia*nnual discharge. Completely contained type can be used ^ 
if iftfiltration and evaporation exceed inflow and precipita- 
tion. / 

Can be used if intermittent organic loading makes )liological 
treatment unreliabk,^ if space is limited (e.g., cold climates 
require ii^or housing), and if high-quality effluent, includ- 
ing phosphorus removal, js required. 



OPERATIONAL CHAEACTERISTICS OF VARIOUS TREATMENT PROCESSES 



PROCESS 



■ t 



Item 

Process C haiacttristiq '' 
^ . 



Rotetin|Disk , ( . TricldiiigFaters Activated Sludge^ .Activated Sludge^ FacultatiyeLagooMr - 



.2 



^bility with respect to; ^, 


Hi 


'dd 






Basic Process | 


i : . y Good 




Fair 


1 Very Good 


Influent Flow Variations 


, l^air 


* Fair 


• Fair 


Good. 


Influent Lo$l Variatioits 


< Fair 


Fair 


■ Fair . 


. . . Good 


Presence of Industrial Waste 


^ Good 


Good 


^ Good 


Good • 


Industrial Shock Loadings 


Fair 


Fair 


Fair ' , ' 


Good 


Low Temperatures (<20°C) 


Sensitive 


« ' Sensitive ^ 


• Good 


Good, 



Good . ; 
Good . 
Good 
Good 
,'Fair 
Very Sensitive 



Expandability tofiteet: 
Increased Plant Loadings 



i ^ ■ Good, must add disk Good 
modules 



More Stringent Discharge Requireme«ts;|A 
' with Respect to: • . -'f 

SS f:" ■ 

. BOD • 
Nitrogen 



Fair to good if designed 



Good, add filtiation or Good, add filtraiion or Good, add filtration or 

■ polishing lagoons polishing lagoons • polishing lagoons . ' 

Improved by filtiationl!^ Improved by filtration Improved by filtration 

Good,denitrification Good,-denitrification , Good,nitrificationv: 
must be added 



pood, ultimately more Fair, additional ponds. 
voluinewiUbe]£(||red, required ; 



^Good, add filtration or ' * Add additional lagoons^^ 
polishing lagoons . , and filtration ^ 
Improved by filtration Improved by filtratioh- 
Gbodjdenitrificatiori Fair 



mustbe'^dll^d 



Operational cilnplexJIy ' Some'^ftfsimple 
of Operation and Maintenance^^ Very Good 



Power Requirements 



V|^te Products 



Potential Environmental Impacts 



Low 
. Sludges 
Odors 



Some, to simple 
Very Good 
Relatively High 
Sludges , 
Odors 



denitrification must be 
added 

Moderately Complex 
Fair 

High ■ , ■ . ^■ 
Sludges 



it be added 



Some 

Very.Good 
Relatively High 
Sludges 



I 



Very,Good : 
Low , . • 
Sludges . 
Odors ' . ; 



Site Considerations 

-J 7- 

Lan'd Area Requirements 

Typography 



Moderate plus buffer ' Moderate plus buffer -Moderate plus buffer * • Large plus buffer zone Largp plus buffer zone 



zone . 

Relatively Level 



zone 
Relativ 



datively [Leycl 



zone. . 

Relatively Level; 



Relatively Level ■ ' Relatively Level 



^Complete mix and contact stabilization. 
^Extended aeration and oxidation 'ditch. 
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What minimum space is required on each side, top, and underneath, for installa- 
tion, replacement, inspection, repair, operation, and maintesnance (IRIROM) of 
each piece of equipment? • 

Will scaffolding be required for any iklROM procedure? If so, whiqh, if any; 
.parts,-including wall and floor attachments, of the scaffolding should be made 
permanent? Should space be provided for temporary scaffolding? 
Should space be provided undet the^quipmerit in the form of pits or tunnels*of 
by placing the equipment on platforms to mak'e^all required IRIROM procedure's 
feasible? Can such spaces underneath be used for placing other facilities also? Have 
all underfloor spaces been prcwided with adequate drains and been made safe 
^nst toxic, flammable, or explosive gases? Have methods been included to 
ventilate and to prevent or control possible odor emissions? - 
Are facilities and space available to remove any and all parts and to bring in and 
install any replacements? Are overhead, traveling cranes, winches, or chain hoists 
ne.eded for any IRIROM procedures? Will there be enough use for these to make 
some permanent provisions in the structure? Have provisions been made to store 
the temporary equipment or otherwise make it readily available by leasing or rent- 
ing? 

Are adequate lighting ai^d ventilation facilities available for all IRIROM proce- 
dures? ■■■'>■ 

' If pieces of equipment must be replaced, are wall or ceiling openings sufficient to 
do so without enlargeiyent? 

Are service outlets for all utilities, such as electricity, gas, and wafer, required to 
complete all IRIROM procedures readily available near each piece of equipment 
or facility? For instance, are hose bibs for flushing purposes located close to all 
areas that require regular or periodic cleaning? 

Are drains, or drainage channels, or low curbs available arourid tanks, equipment, 
and facilities to intercept all leaks of water, wastewater, or chemical solution that 
might otherwise flow over working areas or walkways? Are such channels below 
floor level and grate covered? 

Have monitoring^ sampling, and flow-gaging locations been designed into tiie 
facility? Can the monitoring, sampling, and flow-gaguig equipment be easily re- 
moved for cleaning or repair? Are they easily accessible? ; *; 
Are all piping, valves, and fittings below floor level, on walls, 6r more than 6\6 ft 
(2.0 m) above the floor? Are all valves on the work space side of all piping? Is 
there sufficient, space to loosen stuck valves? Can all valves be removed for re- 
pairs? Can all sludge-carrying lines be cleaned after each use? 
Have all equipment and machinery been designed to keep noise levels below the 
EPA standard levels? 

Does the chemical storage area-have sufficient room to maneuver both the pallets 

and the pallet-handling equipment? . ^ 

Are all heating and ventilating ducts located where they will not ir^fere,with 

placement of piping? , ' ^ ' 

Have mechanical or pneumatic means been furnished to remove ^reeftrngs or grit 

;from pits so it will not be-carried by hand up stairways? 

Will all work areas be sufficiently well lit and rtbrny for efficient use of^ersonnpl 
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time? Is any space sufficiency difficult to work in to .cause operators to avoid, 
working there or to cause supervisors and inspectors to avoid inspecting it? 
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CHAPTER 3 

' \ HYDRAULIC CONSIDERATIONS .« 
3; I Introduction ' - / . , ' 

HydrauUc theories must be properly applied during the design phase of a wastewatesr. plant, / 
to insure that the plant functions satisfactorily. Hydrai^Ucs must be considered in designing' ' 
pumps, valves, flow measuring devices, and equipment/ controls, as well as pipes; channels, ' 
and basins. Hydraulic flow characteristics must be de^rmined for all critical combinations 
of flows into conduits, channels, and basins. This chapter discusses hydrauUc criteria ret 

vant to the design of small wastewater treatment plants. - , /? ^7 

. ■ ■ » . ' ' / . • • ■ ,.; * ./ ■ 

3.2 Flow Considerations , ' ! V " 



3.2.1 Limiting Veldcities 



Velocity of fl0w and turbulence affect the efficiency and reliabmty of hydraulic co^ol'i 
pumping, valving, fluid- measuring devices, and- various processes. Some considprati^s in- 
fluencing the hydraulic design of these items' are^discussed below: : f | 

Conduits carrying wastewater with grit and settleaTile organic solids shdulc}' be designed] if 
possible, lo have a scouring velocity at iWst once a day. Peak velocities, -at the beginning and 
end of the design period , should be Considered' in selecting'the design ^scouring velocity. 
Scouring ve?locity depends on the density and othpr characteristics of the w&tewater aiid 

.^the grit. Scouring velpciti^s vary from 1.5 to 4 ft/sec (0.45 to 1.20 m/s); 3 ft/sec (0.9 in/s) i8 
usually satisfactory. If horizontal velbcities are less than about^2.0 ft/sec (0.6 m/s), gijt will 

: settle. • • /' . . ••■/.■• -■ 



) 



If floe is to be kept in suspension, /the horizontal velocity at the bottom of the basiii or tank 
should exceed 20 tt/min (0,10 /m/s) (1). Therefore, a design bottom velocity of Ibout 
30 ft/min (0.15 m/s) shou|d be ii^ed to keep organic solids in suspension. In the initial stages 
•pf plant operation;'When 'minimum,vek)cities may become less than 30 ft/min, scouring 
velbcities of 1,5 to 2.0 ft/«.ec {poMAS to 0.^60 m/s) must be scheduled for about 1 hj- 
daily to scour sludge deposits. F ' . ' ' • . - 

■ • .■ , ■ ■ ■ ■ ■ ■ ■ . ■ ■ ■ ■ - - i> • 

Head losses from friction and obstructions in a conduit are approximately proportional to 
•the square' of the velocity. If pumping is required, the maximum head loss uSfed for design 
should be detefttiined bj cost-effectiveness studies, considering 'Wergy, equipment, and 
effects on prjjcesses: Upper hmiting velocities should be estabUsh^ in designing specific 
plant piping, to prevent possible erosion of, or damage to, cqndtos or their linings. This 
maximum velocity (which can vary fqr specific conditions) shoulcyfange from about 5 "to 12 
ft/sec (1.5 to 3.6 m/s). Supercritical velocities should be avoided./ 



•3.^.2 Flow Division ^ ^ 

Equal hydraulic division of flow doe^ot necessarily divide the organic load equally/Unless 
the SS are homogeneously dispersed throughout the liquid and the relative momentum of all 
particles is approximately equal at the point of. flow. division, the^SS will usually divide 
unequally. Some turbulence is desirable at each poii[it of diversion, to achieve sufficient , 
homogeneity. ' . . / 

In general, flow will split equally if 1) there is a sufficiently -large head loss through the con- 
trol, compared to the differences in head loss available, a)id 2) there is an equality^of head 
loss across the Weir, if weirs are used. If the head loss constraint cannot be met, symmetry 
of layout tends to achieve the same purpose. ' 

Figure. 3-J shows several methods of obtaining equal flow division. The velocity through an 
'orifice or other pressure control device varies as the fractional power of the head. A small 
percentage of difference in head losses through ^e device still results in relatively equalized., 
velocities of fluids entering several channels (or chambers) from .one channel (or chamber). 
The required head loss for a stipulated deviation in flow-such as where the flow varies as 
the square root of the head (e.g., through orifices)-can be determined from the following 
Equation (2): 

^ " ho = (£Ah)/(l -m^)' . 

" • • • ' ' ■ ■ . \ . ■ ^ ' 

where • ... 

i ho = -head loss through the outlets in whi^h the available head is greatest (the head 
loss is ujsually based on equal flow spljt) ' , 

ZAh= greatesit difference in head . (piezonietric head or water surface elevation) 
- \ available for dividing the specifie^ flow 

m = minimum permissible ratio, of /Jischarge rates through the outlets, deter- 
mined from the ratio of miniitiu'rjj to maximum divided flow/ ; , 

' In considering the flow dividing structure^^own in Figure 3-1 (III), assume that friction 
losses in the influent distribution channel upstream from the fgur tanks are negligible, com- 
pared to the velocity head. Assuming, that the plant flow is to be equally split, with a devia- 

. tion of no more than 5 percent, ^tlje value of "m" is (100 - 5)/ 100, or 0.95. Flow is 

/^sume4 to enter each tank through two submerged ports with a* discharge coefficient of 
0.6. If the Velofcity in the distributipn channel is^to be about 1 ft/sec (0.3 m/s). Ah would' 
then* be the last velocity head when the water changed direction (90° x Ah = wl'/l g = 1/64,4 
= aOl6 ft),. The head. loss (ho) thatmu^t oqiiur attach port would be hqF=.Ah/(l - m^), 
or ho - 0.016/(1 - 0.95^) = 0. 164 iwThe size of the port can thus be determined from the 

.Equation for head ioss through an orifice:. ^ . " , r . 
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METHOD^ OF WASTEWATER FLOW DI/VlSION 

, • ■ ■ . ' ; 3-3 J. 0,9 




= (Q/0.6A)2/2g /. 

V- ■ ■ " r ^ ■ • 

= [Q2/(ho)(?g)(.0.6)2]0.5 

= [0.i2/(0. 164) (64.4) (0.3'6)] 0-5 

= 0:05,13 ft2 •. 

= . (4A/7r)0-5 (i2iir./ft) = 3.068 in. 
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Five of the' more cominoq methods for .uniformly dividing flows and organic loadings are 
shown, in Figure 3-1.. Short discussions of these methods fbllow, (It.'is assumed in each caSe 
-that grit separation has taken place before flow division.) . ' / ; , ; 
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'Plan /.: If "the fltiid is completely mixed ^yhe^ divided, the suspended solids load in 
.each part of the flow will be proportional to the volume. Several methods are used to 
obtain complete mixing (i.e., to attain a minimum velocity of about 0.5 ^ft/sec [0.1 
m/s]): mechanical mixers, diffused aeration, jets of recirculated effluent, and various*' 
-combinations of^these methods. V-notch .weirs, rectangular weirs, or orifices may be • 
used to separate the flows uniformly from a completely mixed body af water. 

Plan II When a flow is divided, there will normally be more suspended solids in the 
portions having the more distinct change of direction. For example, if flo>ys are split 
from one channel into three parallel channels, the two outer channels will contain 
more Solids (if the mixing was not complete). If flows are divided using a series of tees; 
the upstream bends 'wUl create centrifugal forces that affect the path the solids take \ 
downstream. To create a sufficient increase in velocity to obtain the needed turbulence 
and mixing an^ thus insure maximum homogeneity 'at the point of division, bar racks, 
or posts canjg)e placed in thoTchannel upstream of the 90° bends. If Ipipes, tees, or wyes 
are used for 'the division of settled -»flowsI bars can be placed, at the. upstream joint of 
the tee or wye, to cause the required mixing .before division, ^f a straight section of 
conduit 6 to 8 diaitieters (or channel^ widths) long fcan be located upstream of the 
• divider, effects of centrifugar forces will be well damped and will allow a division of 
solids more nearly proportional to the subdivided flows. 

Plan ilL If flows are split from a. channel at points not equidistant from the entrance 
flow, the hydraulic head at successive point/along the. channel will be different, de- ^ 
pending pn the velocity heads -arid friction Josses. Reference C2) contains detailed 
analyses of this problem. To obtain a relatively even split of flows, the equation Hq = 
(2Ah)/(l ^ m^) applies.- Here, also, an equal split oT suspended material requires suffi- 
cient mixing in tlie dispersion conduit^ to obtain, a relatively homogeneous solids dis- 
"^Jersion. 'K' * » 

' ■■ . • ' .3-4 . ' .. \ ; ■ • • . . ■ ' 



BlanlV.U a relatively uijifomi head is available "across a channel (i.e.,. no nearby 
. /' , : upstream changes in dire^tion),^th approach velodties of less, than about 2 to 3 ft/sec 
; ' • - (0:6 to 0.9 m/s), Parshall or cut-throarHumes ma/be used to divide the Hows equally. 
' ;■ • The/d?sigK .of such Humes is given in referents (3), (4),.(5), (6), (7), (S), and (9). 
• Every effort should be macie t6 insure a -relati^fely homo'geneous mixture before (Jivi 

PJan 'V. A simple method of obtaining good ^i^ixing (ideal for small plants) is use of a 
boyom eptrance tiJ the spUttin^io;c. The ftow enters%e box in the middle and can be 
■• splif ^o^_. acQurat,ely there, with pows at 90° to the cjenter line of the "inverted siphon, 
, ■ dr th«' >ides of* the l^ox. The ehtraftce velocities shbuld be kept relatively low' with 
resp^fet to 1he •depth '.of tlie splittijlg box, tO VreVent excessive Surface turbulen'ce and . 
. resujtaat Variations of he'^ at the pow control device.' Weirs, or orifices with sufficient 
heaci 'loss, can be used to cjjvide the hows satisfactorily. For works Jbuilt in two' stages,' 
. flow^ 'from A artd'E cari^be'used fbr one stage afid from C and D' for the other stage. ' 
. With dn odd nuipBer of divisions, a tound splitting box is simpler.' . • / 

^2.31 1 Plant Hydraulic Gradient * 

.hydraulic gradient, diagrams of .the majil stream and ^11 sidestream Hows at the treatment 
plant «hpuld. be, prepared ^ to insure that adequate provision is made for all head" losses. 

Because cost and availability 6f energy are! signifi'c^t factors in the bperation of a plant, the 
xiesign |lowances for the head loss of each unit, as well as through the enfire plant, from' the 
^entranc^ thrpugh the outfall, musi be carefully considered, particularly ifpumjjing is re- 
quired. .Unnecessary head allowances increase the cost of pumping; insufficient allowances 



,nlake operation difficult and expahsion q(T)stly 



r 



Bemou H's theorem (basic to hyflrauHc system design) states that, under conditions of 
steady flow, the sum of the^ velocity head, pfessurc 'head, and head from elevation at any ' 
poli^t along a conduit or channel is equal to the sum of these same heads at any other down- 
stream point plus the lo.sses in head-between two points resulting, from friction or turbu- 
lence. A line representing only the suni' cJf the pressure head and the elevation head at a 
number; of points in a system represents the hydrauHc grade'line or equivalent free water 
.surface. 'In wastewater treatment plant designs, the hydraulic grade- line (or free water sur- ' 
face- only) , is usually showp. Althou^.the total energy grade line is frequently not shown-, it 
should always be calculated:' to obtain a 'more accurate representation of the changes in 
water sWface elevation. References (3)„(5):„,(6), (10), (1 and (12) discuss this in more 
-detail. " 



Energy dhanges usually requiring consideratidh in developing hydraulic profiles include the / 
following: • 



Head losses from wall frictitfn in conduits. ' . 

Head losses caused by sudden enlargement dOkJ^, such astfiows into tanks and \ 

larger conduits;' sudden contractions, such as at entrances, orifices, inlets, weirs, ; ' 



and flumes; sudden charige;! in direction, sucLas ben^, elbows, and tees; sudden 
changes iri slope or drops^ such as after weire aild flumes; and possible obstruc- ^ 
tions because of dej^osits in a conduit. ^ / * . / 

3. Heads recjiiired to allow dischargesvover wfeits and through flumfes, orifices, and 
othqf measuring, controlling, or flow division devices. ? 

4. Head gains Or losses from momentum chaifges. . 

5. Head allowances for expansion of facilities, to ifie6t future reguiremdnts. 

6. Hea4 allowances . for 'inaximum water levels^ in -the receiving wateri, to ^preveni , 
backup of flovy in the outfall, if;that might^cause difficulty.. ^ • - . > ^ 

7. Head ^lo'wancei-for unusual restrictions in the downstream flow, which could * 
" back up the wastewater stream and submerge measuring or Control devices^. ' . 

8. Head gained by pumping. « \ /\ * 
9r Head requirement's for flow through' comminutors, b^u* screens, fine screens>*mix- ' 

. ihg tank's, equalizations tanks, floccul^tion tanks, darifiers, aeration tanks,* filters, J 
' ' carbon contactors, ion eVchangers, chlorine contactors, ozone c^^^^ 
. > ' otK'er treatment processes/ • » ' ' ' 

* , 10. Head losses that may result if air causes ^bulking, or esca^s from the wastewater . - 

. *^ to fonn air pockets, thus restricting flo>yi if . - . V' ' 

J 'm. Combined momentum.^d side-waU energy losses in a 
' r along this side pf the Conduit (two-thirds of the h^ad required may be needed to ' 

\. provide the changes in momentujn):- ^ ' 

' •• .■ _ < • : ' - . : r-^ * . ■ . ' - ' . " 

In addition to the- average design ilpw grade line, thevdesigner should prepare grade lines for 
' minimum flovfs at the time of startup and peak fl^ws al the end^f the design j)eriod. . ^ 

Hydraulic profiles serve , as a veryi useful tool for insuring that all- pertinent, ^ead Josses are 
^accounted' for arid that the plant can, satisfactorily functi6n hydraulically, both now^d in 
"•^the future. Hydraulic profiles should also be prepared for all feasible . alternative designs. 



Figures 3-2,,3r3'; 3-4, and 3-5 show typical hydraulic profiles for snialLwaste>Vater trqatment. 

'.plants. Figure' 3-2 illustrates unit^- that may be required in a J«er stage of construction in 
developing a hydraulic gradient to upgrade an existing, primary plant. Figure' 3-3 shows the 
hydraulic gradient of a. small plant onU site where the flow can be m^tairied by gravity. 
This' plant is designed to meet variations in flow vMe' reliably producing a pr6periy4reated* 
effluent. Figur^ 3-4 shows '^tfiictures that cross the principal stream of flow and create a 

^netd for bends, causing a^^itional head losses. . ' ^ ' ' 

ThiS' plant was expanded once and is curfeiftly , undergoing a secoild expansion and upgrad-v 
irig. Note that provisions, are made for e&rgy dissipation and reaeratibn when the stream 
flbw average. Because two pumping- Sjt^tions are involved, there'are significant head losses 
to consider in addition to the static head; to bb.tain the dynamic head requirements for the ^ 
' pumps. Figure 3-5 shows a typicaf sma|l secondary treatment plant located in a flat area 
near a stream. Pumping required before treatment provides sufficient head for gravity flow 
through the plant- " ^ • , . , > ' 

References (5) and (12) contain detailed discussions <if the various types of head tosses and 
how. they are calculated. References .(3),' (4), (6), (9), (10), CM),- (13), and (14) also contain 
detailed information, on head losses. , ' ^ ^ 
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HYDRAULIC GRADIENT-WASTEWATER TREATMENT PLANT 
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FIGURE3-4, 

HYDj^AULIC GRADIENT-WASTEWATER TREATMENT PLANT 
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FIGURE 3-5 
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3.2.4 Sludge Flow. Hydraulics v : * 

The flow charadteristics of sludges vary according to the. types and concentrations of organic^ 
solids and chemicals, Some sludges have flow characteristics similar to clear water; others 
have pseudoplastic flow characteristics. Many sludges are thixotropie in nature; that is, their 
viscosity increases with ti^ne if in a static state, but on agitation returns to its original value. 

The flow of sludges with lower solids contents and viscosities close to that of water may be 
calculated, using turhulent-flow friction losses in common hydraulic fomnulas. Return acti- 
vated sludge and sludge from intermediate or final clarifiers generally have waterlike flow 
characteristics. Sludges from primary clarifiers, scum thickeners; holding t^nks, and digesters 
have pseudoplastic or thixotropie characteristics. '""^^ 

If pseudoplastic type sludges are to be piumped long distances, velocities must be kept in the • 
lan^in^ flow ranges, to keep the h&ad losses down. Reference (15) contains design details on 
this type of flow. 



In wastewater treatment plants, sludge flows are normally intepiittent. Thus, to scour any. 
solids that separa^te during periods of quiSscence, sludge velocities: of 3 to 5 ft/sec (0.9 to 
^;5 m/s), or higher fpr more waterlike sludges, should be Icept. For heavier sludges and 
grease; velocities of 5 to^8 ft/sec (1.5 to 2.4 m/s) are need^. Because all sludge piping 
must pass 3-in. (75 mm) solids and must be at least 4 in. (100 mm) in diameter to pass the 
solids and perrtjP" cleaning, the flow invariably will be in the turbulent rather than the 
laminar range|^rovid0d the drawoff rate is sufficiejit). Therefore, once sludge' flow has 
started, formulas for turbulent flow of fluids can be used. If. the Hazen-Williams formula is 
used, C factors (dependent on conduit roughness) fjom 60. ta 90 may be- used X20 to 40 
percent less than for wastevyaters). .: j 7 

. . ■ ' ■ •. . . : ' -■ ' ■ ■ ■ ; . ■ ^ " ' 

To prevent disruption of treatment processes, provisions must be made in all sludge conduits 
for bleanouts, vent pipes, taps for steam or hot water," ajid access for mechanical cleaning. 
Pumi^s^ if at..ill possible, should have a positive suction head of atlest^ ft (0^,m) or higfier 
(particyMy for reciprocating pumps), plus head losses in the suction line. St^^l^y-s^ludge 
pumps must be provided (15). / ' / • 

3.3 Pumping ^ \ ^ 

References' (3>, (5), (6), (10), (11), (13), ( 14), and (16)-and the catalogs and data issued by 
pump manufacturers contain a- wealth of detail for design procedures. Current technical 
publicatiotis rggularly contain discussions of some aspect of pumping. 



Because* wastewater flowing "into a plant continues— although pumps may stop— spare 
pumps, spare power sources, screening, overflow pond storage, etc., which will automat- 
ically begin functioning when a unit stops, must be provided: Reliable, efficient piirtiping 
wi^j^tandby equipment should be incorporated in the design of the system (15)., 
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3.3.1 Types of Wastewater and Sludge Pumps ' 

Types of pLmps available for use at wastewater facilities for various needs are listed.iil fable 
.3^1. The pumping system selected must be able to meet the varying head conditions Caused 
by differences in free water level in the wet well and the receiving body of water, plus all the ' 
head losses in the conduit. Head losses in the conduit, which depend on flow variations 
throughout the life of the pumping system, include wall friction and losses at entrances, out- 
lets, valves, measuring devices, elbows, bends, tees, reducers, and any other location or cross- 
sectional area where the flow chjinges direction. Whenever two or more pumps will be trans- 
ferring liquid from a smgle source into a common conduit, he^ad curves for all combinations 
of pumps in the pumping system must be develpped to determine a program that will mfeet 
all head flow combinations. / ^ ' - . , • ' 

A process for selecting the best pump for handling raw wastewater is described in references 
(42)and(17). ■ ; / . ■ , . ; \f> 



3.3.2. Pump Drive Equipment 
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Directly connected electric motors are commonly used to drive pumps at small waste wat _ 
treatment plants. If. two independent sources of electrical power are unavailable (as is 
usually the Case), internal combustion engines that burn diesel oil, 'gasoline, propane, or 
methahe maybb'xised to^provide standby electrical generation capacity or.direct power for 
pumps (15). . 

Squirrel qage motors are most commonly used in small plants, becausie of their low cost, 
reliability, and ruggedness. They can be used if the pumping operation is continuous and the 
loads uniform. Auxiliary control or special 'windings are advised if operation is intermittent 
* or the load fluctuates, to provide better starting conditions. Wound rotor motors are gen- 
erally used for variable speed operation. High-speed motors with reduction gears are used to 
operate valves, gates, screens, mixers, flocculators, and other slow-speed equipment. 

Factors to b^ considered in comparing alternative drives include energy usage, reliability, 
simRlictty of operation- and ,mainter\ance, ruggedness, and cost of each type of drive meeting 
the pertinent conditionKvariabiiity of flow, head, and available power). Characteristics to.be 
determined by the engineer for each drive are^type of motor or engine; horsepower (kW); 
electric current, voltage frequency and phases; starting torque, voltage, and current; speed r 
speed reducer requirements; alternative drive requirements; overload, underload, overvolt- 
age, undervoltage, and other required motor protection devices; type of bearings, insulation, 
and ventilation; noise reduction; mdunting or setting; fire-probf and safe fuel supply; and 
means of simple^ replacement or overhaul on site. The details on this subject can be. found in 
references (3), (5), (10), (11), and (12) and from manufacturers of drive equipment. 
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TABLE 3-1 



PUMPING ALTERNATIVES FOR VARIOUS TREATMENT PLANT NEEDS 



Pump Type ' j : ^ ' - . , Description ., 

Air Lift ' Usee for lifting liquid from wef Wells or basins. Air, under pressure is introduced 
into »iie,liquid to reduce apparent specific gravity of the air/liquid mixture'and 
thus :ause| to rise to the discharge outlet. , 

Centrifugal (jjm sts of an impeller fixed on a rotating shaft and enclosed in a casing with 
. a\} iiii.et and discharge connection. The rotating impeller creates pressure in 
the 1 quid by |he, velocity created by the centrifugal force. Pump is 
' compnly, ciSssified according to impeller as radial, mixed flow, or axial. 



flexible diaphragm or disk, generaOy made of rubber, metal, or 
comilosition material, fastened at the edges of a cylinder. When the disk is 
movji at its center by apiston in one direction, suction is created and 
■liquij enters trom~ the suction line. When the disk is moved in the other 
direcl ion, pressure forces the liquid out the discharge line. Check valves , 
are re quired on both suction and discharge lines! 
. A rec procatingpump with a plunger which does not|ontact the cylinder 
walls, but enters the cylinder and withdraws through packing glands, thus 
altemiting suction and pressure. 



Positiv e displacement, screw type pump that uses a single-threaded rotor, 
operating with a minimum of clearance in a double-threaded helix of 
soft or hard rubber or other material./ 

Uses a spiral screw operating in an open inclined trough. 



Uses rotating-inducing element, which js'entircly out of the flow path of 
the liquid through the pump. .* , . 



A centrifugal pump, which, uses a pump shaft in a vertical position. 



May Be Used For- 

Secondary Sludge Recirculation 
andWasting 

Raw Wastewater 

Secondary Sludge Recirculati(^n 

. andWasting 

Settled Primary.and Secondary^ 
Effluent ■ *.r 

Chemical Solution / • ■, 



Primary Sludge 
Skimmings 
Secondary Sludge Recirculation 

andWasting 
Thickened Sludge . 
Chemical Solution • 



Thickened Sludge . 
Chemical Solution ■ 

Raw Wastewater 

Settled Primary and Secondary 

Effluent . 
Grit 

Raw Wastewater ,■ ■ : „ ' 

Primary Sludge^ 

Secondary Sludge Recirculation 

andWasting ' 
Thickened Sludge 

, Settled Primary and.Secondary 
Effluent 
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u. CHAPTER 4 

FLO.W EQUALIZATION 



4.1 Introduction 



" Equalization of fluc^tuating wastewater flows'will make hydraulic pollj^tant loadings more 
uniform and may improve tljie effectiveness or reliability of essential treatment processes. 
Equalization can, therefore, '^e a valuable technique in the upgrading of existing facilities 
and should be considered a feasible design alternative for new treatmeSf^ajcilitipS^ If the' 
system experiences large, erratic dischai^es of industrial wastes, equalization maJ^T^e easily 
justified. , - • ' 

Stonng above-average flow in a*hasin, pond, tank, or conduit (a less desirable^kltemative) for 
uniform "release to .treatment processes during periods of below-avetage flow will achieve 
equalization. A. detailed discussion, of flow equaUzation for lai^e i^^ynicipal facilities ^ be 
found in the Process .Design Manual for Upgrading Existing Wastewater Treatment Plants. 
(1). This chapter discusses the, criteria , for the design of equalization facilities for small 
wastewater treatment plants. 



412 Variatianf*& Wastewater Flow 




The daily wastewater flow* from a small community' usually varies more in quality and 
quantity than does th6 flow from larger communities, (Details of variations are presented in 
Chapter 2). Hydraulically, the major portion of flow from a small community occurs during 
the daylight hours, with niinimal domestic Wastewater flow from 2 a;m. to 6 a.m. Two or 
three peak; flows during the day and one minimum flow at night may occur. For some treat- 
njent processes to operate and use space most efficiently, the influent flow should be kept 
relatively consistent in rate and concentration of constitutents. ^ 

In smaller communities, quality control during the construetion of household piping, service 
connections, and sewer installations is often inadequate, resulting in infiltration and stonti^ 
water inflow. Ground water may in.filtrate sewers if the water table rises above the pipes ?it 
any time, thereby doubling ot tripling the average flow during that period (as long as seyeral 
months in somelpcationsVAlthough stormwater inflow may be for a shorter period, it'may 
keep the collection, system full for up to 'a week at a time. Stormwater inflow results largely 
from 1) roof, cellar, c|rfoojiTi|" drains connected to the^sanitary sewer; 2) stormwater 
quickly reaching gravel pipe bedding and then entering the sewers uirough leaky joints; and 
3) inflow through faulty manhole construction. Stormwater inflows may temporarily dilute 
and modify the concentrations of the pollutants in the raw wastewater. It may, under some 
circumstances, be feasible and cost-efTective to provide, some capacity in the Equalization 
unit, to modify some of the effects of stormwater inflows. .It is seldom (if ever) worthwhile, 
however, to provide sufficient capacity for equalization of large flows resulting from sea- 
sonal ground water infiltration. , :/ . , . 
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Irregular wastewater discharges can be expected from schools and small industries (dairies, 
. canneries,, tanneries; ^tc), \yhich often have high flows for limited periods during weekdays 
and minimal flows during nights, we^ekends, holidays, or j/acations. Resort or tourist busi- 
nesses usually discharge wasjtes morej heavily on weekends, holidays, and during vacation 
• periods. ' .\/ ■ . s • • " 

Tn^Sraaller communities, the concentration of the various polluting constituents can vary 
considerably by the hour, day, season, and year. As shown^on Figure 4-l\ the BOD of 
domestic wastewater usually is somewhat proportional to flow. If the flow contains signifi- 
cant pqrtions of nonresidential wastewater, these variations in concentration will seldom 
follow the patterns of the hydraulic flow variations.. • 

• • . ■ ^- ■ . ■ ■ 

Small durations of high concentrations of toxic material, caused by a spill, will "poison'' a 
biological process. Normally biddegradable s^jpstances, if highly concentrated, may inhibit a 
biological process. Equalization lessens the adverse impact of such shock loadings. 

A common problem at small ti;eatment^plants is the intermittent dumping: of septic tank- 
pumpage (sepkge) collected from nearby 'unsewered homes and communities. It is good 
design practice to provide a specially designed receiving facility to equalize or treat.septage 
prior to its introduction to the treatment facility. Small industries cojfi^only discharge 
certain process wastewaters on an intermittent basis in batches that are oi|&i| trucked.to the 
treatment plant for disposal. If these concentrated discharge^ are compatible with the treat- 
ment processes, they may be mixed in an equalization tank with the domestic wastes and 
fed to the treatment processes uniformly. However, these discharges, along, with chemical 
toilet collections, are often quite toxic to the treatment facility and require separate treat- 
ment by chemicals, etc., to prevent:serjous upsetsjn treatment plant operations. 

The large number of factors, causing variability of flow and strength of wastewater makes it 
'particularlyjmportant, in analyzing the feasibility of equalization, to gage and sample exist- 
ing wastev^'ter flows. The gaging and sampling should take place during periods of dry 
weather when the gri^und water surface is below the sewers and during periods of high 
ground water and rainstorm runoff, to determine the effects of each on the flow rates and' 
wastewater con^ituents. * 

A reasonable 24-hr wastewater flow curve must be, developed as a basis for the design. This 
diurnal flow curve should consider the existing variations in daily,' seasonal,, and annual 
24-hr 'flow and the probable increases in flow. throughout the design period^ In general, the 
. 24-hr curve showing the largest variation ratios should be used for the expected design 
flows. A typical diurnal flow curve is showri in-Figure 4-1 . ' 

4.3 Benefits of Dry-Weather Flow Equalization 

Flow equalisation has a positive impact on all treatment processes, from primary treatment 
to advanced waste treatment. • ^ 
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. 4.3.1 Impact on Primary Settling v 

The most beneficial impact on primary settling is. the reduction. of peak overflo.w rates, re- 
sulting in improved performance and a more uniform primary^efflueiit quality. Flow, equali- 
zation permits the sizing of new clarifiers on the basis of equalized flow rates rather than 
peak rates. In an existing primary clarifier that is hydraulically overloaded during periods of 
peak diurnal flow, equalization can reduce the. maximum overflow rale to an acceptable 
leveL A constant influent feed rate also previants hydraulic disruplions created by sudden 
flow changes in the clarifier— particularly those caused by additional wastewater lift pumps 
suddenly coming online. |, ' 

LaGrega and Keenan (2). investigated the'effect of flow')ecjualizatiori at the 1.8-mgd waste- 
water treatment plant in Newark, Ne^y York. Aa existing aeration tank was temporarily con-^ 
verted^ to an equalization 'basin, and the performances of primary settling under marginal 
^operating conditions, wifti and wittiout -equalization, were compared. ^he results are shown 
in Table 4-1.. . . - ' ' - 
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TABLE 4-1 

EFFECT OF FLt)W EQUALIZATION ON PRIMARY SETTLING 
NEWARK, NEW YORK' . : . 

I Normal Flow Equalized Flow 

Primary Influent SS, mg/l * 136.7 ' 128.0 , ' , 

, Prifnary Effluent SS, mg/1 • 105.4 / 68.0 

SS Removal in Primaries, percent 23 47 , ; . / 

Note: Average flow slightly higher in unequafized portion of study. 

It has been demonstrated (3) (4) that preaeration can significantly improve primary settling, 
as discussed in Chapter 8. Roe (3) concluded that preaeration preflocculates suspended 
solids, thereby improving settling characteristics. This 'benefit may be realized by aerated 
equalization basins; however, it may be diminished if the equalized flow is centrifugally 
pumped to the primary clarifier,. because of the shearing of the floe. ' v 

■ f ■ ■ • . , . , ■ * ■ • ^ 

If recirculation is limited or nonexistent, trickling filter media may dry out and the bibta 
activity may be reduced, thus reducing treatment efficiency. Equalization /nay be beneficial' 
if recirculation ratios above 4 to 1 are needed. 

The detentioth time in the contact tank of a contact-stabilization iype of activated sludge 
plant should be between 25 and 40 minutes for th^' process to achieve its best efficiency. 
Flow equalization may be necessary in maintaining control of this detention period in small 
plants, if flow variations are excessive. ^ 



4.3.2 Impact on Bidlogical Treatment / , « " \ 

' . . ■ ' ' ■ . • -s'" 
■ '.: • • • c ^ 
In contrast to primary treatment or other mainly physical processes in which concentration' 

damping is of minor benefit, biological treatment performance can benefit significantly 

from concentration flGctuation damping^and flow smoothing. Concentration fluctuatiQ|i' 

damping can protect biological processes from upset or failure from' shock loapngs'of toxic 

or treatment-inhibiting substances. Inline equalization basins are, therefore, preferred to 

sideline basins for biological treatment applications. 

Improvement in effluent qua^jty because of stabilized mass loading of BOD on biological 
systems treating normal domestic wastes has not been adequately, demonstrated to datQ.Thg^ 
effect is ^expected to be- significant if diurnal fluctuation^ in organic mass loadings are 
extreme;; that is,'at a wastewatei; treatment plant receiving a high strength ind^^^trial flow of 
sh<yrt duratiorf. Damping of flovMand mass loading; will also improve aeraticfi^ank perform 
mance, if aeration equipment is marginar or inadequate in satisfying peak diurnal loading 
oxygen demands (5). ' , • 

The optimum pH for bacterial growth is between 6.5 and 7.5. Inline flow equalization can 
be effective in maintaining a stabilized pH within this range. -. ^ 

Flow smoothing can be expected to improve final settling more than primary settling. In the 
activated sludge process, flow equalization will also stabilize the solids loading on the fm^l 
darifier. t'or a given size clarifier, this jneans:' ' ' : 

- . 1. .The MLSS ^orioentratiojp can be increased, -thereby decreasing the pAOnd in- 
creasing the SRT. This may result in an increased level of nitrificatioK-amd a d^-; 
crease in biolog^pal sludge production. It may also - improve the perf6rmance of a 
system operating at an excessively high daily peak F/M.* 
2. Diurnal fluctuations in the sludge blanket level will.be deduced, thus reducing the 
potential for solids being drawn over the weir by the higher velocities in the zone 
of the effluent weirs. 

In a new design, equalization permits -the use of a smaller clarifier, with a better probability 
of consistently meeting effluent requirements without loss^of efficiency. , - 

4.3.3 Impact on Chemical Treatment • ^ 

In chemical coagulation and precipitation systems using iron or aluminum salts,' the quantity 
of chemical colgiilant required for phosphorus precipitation is proportional td the mass 
. flo;v of phosphorus entering^he . plant. If lime is used, the amount required is proportional 
to the incoming alkalinity. of the wastewater and desired reaction pH. Other chemical treat- 
ment applications in small* plants also require proportional chemical dosing. For denitrifica- 
tion, the amount of methanol to be added is proportional to the mass flow of nitrate enter- 
ing the denitrification reactor. ' ^ / 
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Because in small plants tte mass flpw^ variation of these contaminants is generally much 
greater than it is in large plants, the degree of automatic control required iand associated 
capital iosts are proportionally higher. Equalization of the flow, and §ome damping of Con- 
centration variation will permit utilization of less sophisticated control equipment and will 
reduce control equipment cost, resulting in more.effective use of chemica^^^^ . 

'4.3.4 Impact on Filtration * - *: ' • 

■ " • . .■• • •,. • • ■ ■ ^ ■ 

Rapid sand iMtefSsare usually ^designed for a constant rate of flow aiid'are more efficient if 
operateHlfTan equalized flow rate. A more constant flow rate will reduce the required stir- , 
face area and produce more uniform filtratioh cycles. If ^ow saifd filters are operated on an ■ 
- 'intermittent dosing-resting cycle, treatment will not be seriously affected by flow variations. 

4.3.5 Impact on Activated Carbon Adsorp^n , ; • 
" ^'^^^ • * ■ . *) 

If the activate^l; carbon process is sized for peak flows and the capacity of the carbon regen- 
eration systeih,.^i& .adequate for use during surges .or organic loadings, equalization is. not 

• necessary. §5n4her( or fewer) carbon contactors may be required, however, if flow equaliza- 
tion is used*(6). ' ' 

• •■ "■• ' [ .. ' ■ . \ ■ 

4.3.6 Impact on Pumping and Piping ' ^ _ ' 

. Pump and pipe capacities downstream df equalization units can be reduced in hew designs, 
-^^-^tjualiiation tanks upstream .'of long Imes to the treatment plant caj^i reduqe the size and 
cost of such pipelines, as well as equalize the flows through the treatrndnt processes. 



4.3.7 Impact on Plant Operation 



Process control may 'be simplified by equalizatipnT^reaLtment prqcesses, ty^)ically sized for 
the average flow of the maximum day, often dp not completely meet the peak demands of 
the incoming wastes. This short-term overloading "has an^advi?rse effect on the treatment 
efficiency (2).* Equalization tanks can alsp be used for temporary storage of wastewater , 
removed from units undergoing repair or maintenance. 

4.3,8 Miscellaneous Benefits . ^ 

The equalization basin provides an excellent point of return for recycled cohcentrated waste 
streams, such as digester supernatant, sludge dfewatering filtrate, and polidiing filter back- 
.wash.' * ■; ^ ' - . . ■ ' . ■ ; 

Some BOD reduction is .likely to occur in an aerated equalization basin (7) (8) (9). A 10- to • 
20-percent reduction has been suggested (9) for an inline raw wastewater basin. However, 
the degree, of reduction will depend on the detention time in the' basin, the aeration* pro- 
vided, the wastewater temperature, and'other factors. 
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Roe (3) observed that preaeration may improve the ^treatabihty of raw wastewater, by creat-. 
ing a positive oxi^laHoh-reductipn potential and thereby reducing tjie degree of oxiAation re- 
quired in su|)sequent sfagfes.of treatment. " ' i . 

Equalization of flow reduces the probability of excessive chlorine dosage, which in turn 
reduces the possibility of producing toxic chlorine compounds. - ^ *. « 

4.4 Disadvantages of Dry-Weather Flow Equalization ^ ^ 
'Disa^antages occun-ing under certain circumstances include: ' ' - . 

1. The operati^oa and maintenance costs of the equalization facilities may nullify its 
advantages. ^ ^ ' ' • • 

•«2, h may strip, but H2S if the raw ^wastewater is anaerobic, causing an odor problem. 
3. If equalization retention times are excessive, the, drop in wastewater temperature 
in cold weather may affect clarification, disinfection, and some biological pro- 
. cesses. . . ( 

4.5 Methods of Equalization , ' 

Nomal donlestic Wastewater flows, excluding ppst groundwater infiltration or storm water 
^infl6w,;may be equalized!. In many cases, however, even the, dry-weather flow will include 

some-grpund water infiltration. Every feasible effort should be made to reduce both ground 

wat^r infiltration and stbrmwater inflow to a minimum before the treatment facihty is cbn- 
;stFU(itedf( 1 ) ( 10). The treatment jplant, however, must be designed both for the existing and 

expected future wastewater flows, that .will reach; the plant within the design period. Flow 
•equalization methods include: -v . . <^ 

.1. A good, method for small-flow plants is (after degritting) designing equalization 
into a treatment process unit, such as an aerated' lagoon, an oxidation ditch, or an 
extended aeration tanjc, by allowing for variable depth operation and a discharge 
controlled to near the average 24-hr flow rate. The Dawson, Minnesota, waste- 
water treatment fScility^uses a-v^riable volume oxidation ditch as a steady^state 
control device to equalize the flow to subsequent units (1 1). 

2. . Sidehrtejequalizatioh tanks, may be sized to receive and store flows in excess of 
. the average daily' flow, rate and then to returji the stored wastewater at a rate that 

will raise subaverage plant flow to the average rate (see Figure 4-2). The organic 
, loading variations on the subsequent processes are partially . affected, particularly 
durihg pertpds of less 'than average flow, this scheme-minimizes pumping require- 
ment^ at the expense of less effective concentration damping. 

3. InHne equalization tanks,'sized in the same mariner as sideline tanks, equalize the 
:outiflow at near the average daily flow rate (see Figure 4-3). This equalization re- 
sults in significant concentration and mass flow damping. An orbal inline equali'za-. 
tion basin (Figure 4^4) has been incorporated into the Duck. Creek 'Wastewater 
Treatment Plant at Garland, Texas (1.2). 
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4. Extra capacity provided in large, trunk or interceptor sewers leading to the treat- 
ment plant (ox. intermittent stormwater inflow^ may be used for storage of peak ^ 
flows. The flow from the trunk 'sewer can then be controlled at near the average 
flow rate. Such velocities may allow deposition o"f solids in the sewer, however. 
Nightly or semiweekly drawdown, with adequate velocities to flush out deposited 

• solids, must be designed into such a system, if some method of continuous mixing 
in. the conduit^is not provided. Above average BOD concentrations may occur 
during the flushing. This method of equalization is less attractive to smaller com- 
munities, however. - 

^ Provision of compartmentalized or multiple basins will allow flexibility in dewatering a por- 
tion' pf the facility for maintenan ce . or equipment repair while still* providing some flo\^ 
equalization. Single basin installations, which may^ used for small plants^ ipust maintain 
complete treatment during^ewatering. This will require a bypass line around the basin, to 
allow the downstream portion of ^ the plant to operate if the flow equalization facility is out 
of service. • 

The equalization unit may be placed at a pumping station site at the edge of thecolle^ction 
system, to reduce the size of the trunk or interceptor sewer to the treatment plant. This will 
reduce the required size§ of treatment process units as well as of the pipeline and may make 
cost effective the use of an equalization unit (particularly if tht pipeline affected is over 0-5 
mile (0:8 km] in lengtTi) (13). This location for equalization is particularly good, if odor 
problei^s from septic wastewater in the pipeline occur. ' 

■ • " ■ ■ . •. ' • /■ 

4,6 Equalization Design 

Factors requiring evaluationr in the selection of the type, size, and mode of operation of an 
equalization process are listed b^lovv (1) (2) (8) (1 1). 

1. » Degree of flow rate and organic loading equalization required to insure refliable 

and efficient process performance. ^ . 

2. Optimum location in the system. 

3. Type of equalization best suited to items 1 and 2. 
^ 4. Optimum volume required for equalization. 

5. Compartmentalization needed to best handle present and future flqws. 

6. Type of construction. 

7.. Aeration and mixing equipment. ' ; 

8. Pumping and discharge flow rate control. ■ ' y 

9. Minimum operation and maintep^ce requirements under adverse weather and 
flow c^bnditions. * ^ , X ' 

10. FeasxOfe alternative treatment components sized fdr^peak (lows. 

■ / 'y- 

.Treatment processes sized for p^>ac flows' at minimum water temperatures, to eliminate the 
need for equalization for consistent reliability, should be compared with^ sizes reduced, to 
meet equalized needs of processes operated at equalized fl6ws and characteristics, to ascef^ 
tain the cost effectiveness for each. At some smallei/ireatmpnt plants, some degree of 

^ .... - / 
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equalization may be essential if consistently acceptable plant effluent is to be obtained, 
particularly if the quality of the effluent must meet very strict standards. 

Some variation in the feed to any process is normally permissible, because, the^design of 
most processes' includes some allowance for. such variations. For example, final clarifiers for 
activated sludge units are designed for the rate of flow expected on the average day of the 
design year, but the overflow rate at maximum flow is used to control, the design. After 
studying the settling characteristics expected of the suspended solids and the provisions in- 
cluded in Mile design to optimize settling (such as the. spacing, location, and size of the 
« effluent laiSllers), the clarifier overflow rate is selected, taking into consideration the ratio 
of peak to average flow and associated solids loadings on the day of maximum flow in the 
design period. If the day's-^flow is equalized, the peak overflow rate will equal the average 
and allow for reduced capacity. The designer must' evaluate the proposed design and 1) 
determine the amount of, fluctuation that can be satisfactorily handled without impairing 
performance, 2) priDvide equalization sufficient to insure fluctuations no more than that 
amount, and 3) compare that scheme to others requiring greater or lesser degrees pf'equali- 
zation, to determine the optimum design. ' 

* ' ■ ' 

4.6^1 Determining Necessary Vo|{fme for Equalization ^ ' • 

To determine the required equalization storage capacity, the maximum variation in 24-hr 
flow expected in the design should first be established. Figure 4-5 illustrates a typical ex- 
am^le>of a set of flow and BOD curves for the maximurri day at the end of a design period. 

^The mass diagram, hydrograph, or 24-hr maximum day flow can be developed from Figure 
4-1 and plotted as on Figure'4-5. To obtain the volume required to equalize the 24-hr flow: 

1. Draw a line between the points representmg the accumulated volume at the begin- 
ning and end of the 24-hr period. The slope of this line represents the average rate 
of flow. 

2. Draw parallel lines to the first line through the points on the c,urve farthest from 
the first line. These'lines are shown as A and B on Figure 4-5. ' 

3. Draw a vertical line between the lines drawn in No. 2. The length of this line 
represents the minimum.required volume. 

The equalization volurhe needed to balance the diurnal floy/ is a larger percentage of the 
day's flow for smaller than for larger waste\vater treatment plants. The volume needed for 
equalization of flows will usually vary from about 20 to 40 percent of the 24-hr flow fqi*. 
smaller plants and, fr«mi about 10 to 20 percenhof the average daily dry-weather flow for 
larg|,n plants. \ ' 'y^^'^-' 

To meet the expected dWnaLQow variations over the entire design period without excessive 
use of energy, the equalization ^b^TfTshotrid-hij^ or more independent cells. 

In addition, extra storage volume is needed to (4): ^. 

1. . Balance unexpected changes in diurnal flows. ; " 



2. Provide continuous operation of mixing and aeration equipment. 

3. Provide some volume fqr (at least) partial equalization of intermittent organic 
loadings from, for example, recycling of sludge scraped from bottom of equaliza- 
tion tank, shock discharges of septage, or discharges of process sidestreams. 

4. Provide freeboard above maximum water level. . 

it should be noted that, although space outside the operating volume cannot be used to 
compute flow equalization, it does enter into concentration equalization. 

4.6.2 Basin Construction ♦ 

Equalization basins may be constructed of earth, concrete, or steel. Earthen basins are gen- 
erally the least expensive. They can normally be constructed with^ide slopes varying be- 
tween 3: 1 and 2:h horizontal to vertical, depending on the type of lining used. To prevent. 
emi)anlanerit failure in areas of high groundwater, drainage facilities should be provided for 
^undwater control. If. aeratbr action and wind forces cause the formation of large waves, 
precautions should be taken in design to prevent erosion. Provision of a concrete pad 
directly under the equalization basiii aerator or mixer is customary. The top of the dikes 
should be wide enough to insure a stable enlbanKment and, for economy of construction, 
sufficient to accommodate mechanical compaction equipment. 

Inline basins should be designed to achieve complete mixing to optimize concentration 
damping.^ Elongated tartk design encourages plug flow and should be avoided. Inlet and out- ^ 
let configuration^ should be designed to prevent short circuiting. Designs that discharge 
influent flow as close as possible to the basin mixers aire preferred. 

" ■ ■ . ^ ■ ■,■ ' y ' ■ ^ . ■ ■ ' ■■■■ ."/^ 

4.6.3 Air and Mixing Requirerhents* ^ ' 

The mixing »and aeration equipment for equalization b^iii's must be selected carefully. In a 
typical equalization unit, the level of wastewater in each cell in use will fluctuate about 40 to 
90 percent of the design depth. As the cells fill and empty, the aeration and mixingpbwer 
requirements vary. In freezing climates, floating aerators may become "frozen in" duringa 
power outage^ % ' ' . 

Mixing, equipment should be designed to blend the contents of the tank and to prevent 
deposition of solids in the basin. ToApinimize mixing requirerfients, grit removal facilities 
should precede equalization basins if possible. Aeration is required to prevent the wastewater 
from becoming septic. Mixing requirements' for blending a municipal wastewater having an 
SS concentration of approximaitely ^0 mg^l range from 0.02 to 0.04 hp/ 1,000 gal (0.004 
to 0.008 kW/m^) of storage. To maintain aerobic conditions, air should be supplied at a rate 
of 1.25 to 2.0 cfm/l,000:gal (0.00? 'to 0.0015 m^/m^-min) of storage (13). 

Mechanical aerators will provide both mix&ig ahd aeration. The oxygen transfer capabilities 
of mechanical aerators operating in tap water under standard conditions vary from 3 to 4 lb 
02/hp-hr (1.8 to 2.4 kg/kW-hr). Baffling may be necessary to insure proper mixing, particu- 
larly^'with a circular tank configuj^ation. Minimum operating levels for floating aerators gin- 
erally exceed 5 ft, and vary with the horsepower and deSign of the unit. The horsepower 
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reguirements to prevent deposition ' of solids in the basin may greatly exceed the horse- 
. power needed for blending and oxygen transfer. In such casevi^ may be more economical 
to install mixing equipment, to .jceep the solids in. suspension artd furnish the air retjuire^ 
ments through^ diffused air system, or to mount a surface aerator blade on thfe mixer. 

Note that other. factors, including maximum operating depth and basjn configuratipn, affect 
the size, type, quantity, and placement of t-he aeration equipment. In all-eases; the itianufac^ 
tu^er should be consulted. 

Additional information on mixing and aeration design is preseyited in Chapters 7 and 10.- 

. ■' ■ * ■ ^ ■ 

4.6.4 Selecting Pumping Equipment . ; 

•' > \ ' ' ■ ■ ' ' ■ ) \ ■ 

Because of the large variation ih hydraulic head necessary for the operation of equalization 
tanks, pumping is normally required. If a pumping station is required in the head works, the^ 
pumps can be designe^d for the additional head-iieeded for equalization basin, operation. 
Gravity discharge frcMn equalization will require an automatically controlled, flow-regulated 
device^ • ' . ^ . ^ 

iRlow-measuring ^eviceil are required downstream of equalization units, to monitor the 
equalized flow. Control of preselected equalization rates can be either automatic (with 
manual standby) or ml^nj^al. ' ? * 

4.6.5 Miscellaneous Design Considerations ' v 

The following features, based.on recommendations presented in Process Design Manual for 
Upgrading Existing Wastewater Treatment Plants (1), should" be considered in designing 
equalization uriits: , . ' 

1. Providing a means of measuring, monitoring, and controlling the flow from the 
equalization b^sin. • . 

2. Providing a means of-varying the mixing as the depth varies, to conserve energy. 

3. Screening and degritting raw wastewater before equalization, to prevent grit and 
. rag prp^blems. . 

4. Requiring adjustable legs and low water cutoff for protection of floating aerators, 

' 5. Providing^ means for cleaning grease and solids accumulation from equalization 
unit walls. - , . 

6. Providing means for removing, scum, foam, and floating material. 

7. Providing an emergency high-water overflow.; 

* " ' » . ** , . •> • ■ , 

4.7 Exapiples ' . . ' 

; ■ ■ \' 

Two comparative examples, illustrating ^inplant and sideline equalization follow. In both 
cases, the data shown on Figures 4-1 and 4-5 will form the basis for the computations. The 
plant to be studied is an extended aeration, activated sludge plant, consisting of bar screens, 



wedge-wire screens, pumping, aeration tank, clarifier, and <jhlorinatiQn facility. The compu- 
tations will deal only with 1) addition^ti facilities required to equalize the flow to the clari- 
fier and chlorination units, and 2)fesmltiilg changes in the sizes of the aeration tank, clari- 
fier, and chlorinatbr facilities. ■ 

4.7.1 Inplant Equalization * 
• • ■ , . • ' ,( , ■ ^ » • 

The inplant equalization will provide the- needed equalization volume (16,000 gaJ, or 
60.6 m^ [Figure 4-5] ) by adding that amount to the size of the aeration tank. An example 
of th^ detailed design of an extended aeration, activated sludge system is shown in Sectioq 
7-9. For 'this example (Figure 4;:6) the volume is assumed to equal . the 24rhr average flow ' 
(67,000 gpd; from Figure 4-5). 

The aeration.tank size, without equalization voliiitle, will be ', • 
; V = 67,300/7.48 = 9,000 ft3 

Assuming^ depth of j 5 ft, the area will be 

' ■ ■ ■ ■ ■ ; 'V 

. A 49,000/ 15 = 600 ft2 

The diameter will be - * 

D = (4 A/7r)0-5 

,, . • ■ ■ ■ D = 27.6 ft 

■ ■ ' ■ ■ ■ ' ■ ■ ■ ■■ ■ • 

The equalization tank volume to Be added y/ill l^e 

V = 16,000/7!48 = 2,139 ft3 • 

The additional depth will be 

Ad = 2,139/600 = 3.6 ft 

To incorporate the equalization volum§ in the aeratiotn tank, the depth below high water 
will be 18.6 ftX5.7 mO. This additional depth requires the amount of reinforced concrete in 
the walls to be increased by 1 1.8 eu yd (9.02m3). 

The steel baffle in front of the effluent port will be, 4 ft by 4 ft (1 .2 m by 1 .2 m). The baffle 
will open-on the sides, 1 ft (0.3 m) from the wall,'iind centered on the discharge port. , 

A proportional controll^^ith a hydraulicailly controlled butterfly valve, placed on a metal 
platform on the outside\of the aeration tank, will be used to control the daily flow, The 
daily flow will be adjustable, between 20 and 60 gpm (1.3 and 3^.8 1/s). A venturi-type meter 
and. transmitter wjU b^ used to measure flow and to actuate both the butterfly valve control 
and the chlorine dosage control. A 3-in. (76.2-mm) butterfly vdlve will be operated and 
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controlled hydraulically. The plant pressurized potable water system will provide wter for 
^ the hydraulic system. Head loss through the meter and valve will be 1 ft (0,3 m)'or more. 

The additional average requirements for pumping will be about: 

hp = QWH/5 50 (efficiency) ' " 

- * : hp ==,[(67,300)(8.33)(3.5.)]/((2)(550)(0.6)(86,400)] 

, V ^ hp = 0.034 ^r, , 

• ■ ' J ■'. ■ - ■ . : : • • 

where. ' 
Q=^flow, mgd • 

. ' W = density, lb/ft3 

' .■ . I • ■ . * ' 

H = head,ft ^ . 

■ ■ ' . ^- ' ■ ^ 

By equalizing the flows, the clarifier volume and the chlorination facility capacity can be 
halved, because the peak flow (144,000 gpd, or 545 m^/d [from Figiu-e 4-11] ) will be re- 
duced to 67,300 gpd (254.7 m^/d). 

- ■ ' ■ ' 

Because the clarifier overflow rate at maximum How should be no more than 800 gpd/ft^ 
(32.6 m3/m2 -d), the clarifier area required for M«e(?Ma//zerf fl 

' A = (144,000 gpd)/(800 gpd/ft2>) . 
^ V A=-180ft2 

. To obtain a minimum detention time of 12Q.rn^^u^, the side wall 'depth at unequalized 
, flow will bjB r , . " ^ 

d = (144,000)/[(12)(7.48)(180)] ' 
d = 8.9 ft (use 9 ft +1.5 ft of freeboard) ' ' ' 

The diameter of the tank will therefore be , * 

. D = (4A/7r)0-5 = 15.1 ft 

W\\}\. equalized flow, the clarifier.area may be reduced to 

' . . A = (67,300 gpd)/(800gpd/ft2) .. . 

A * A^44ft2 
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TMe depth will remain 9 ft (2.7 m). 



The diameter will then be 



D = C4A/7r)0 -5 = 10.3 ft 



infi required quantity (gf reinforced concrete will be reduced by 10.4 cy yd.""' < 

The chlorine contact pipe needed for 30 minute/ dfitQntion for mequalized flow will re- 
quire a volume of . ' 

'. ; • Y= 144,000/t(24)(:2)(7.48)] =400ft3 

Assuming a 3-ft <0.9-m) diam.eter pipe, the length needed will be 

, L = V/A = 400/[(0.7854)(3)2] =56.6ft(us-e60ft) ^ . 

The chlorine contact pipe for e^ua/jzerf flow will require a volume of - 

V = 67,300/[(24)(2)(748)] = 188ft3 

Assuming a 2-ft.- (0.6-)n) diameter pipe, the length th6n will be ,^ - 

L = V/A= 188/[(0.7854)(2)2] = 60 ft ' 

The length-to-diameter ratios would be 20:1 and 30:1, respectively, insuring a relatively 
plug^type flow. ' 

.• • - . ■ ' . ■ . * * . ■ . 

4.7.2 Sideline Equalization ./ . / ' / ' . • . 

The change in plant configuration. from that shown/on Figure 4-6, to add sideline equaliza- 
tion, is shown on Figure; 4-7. The volume needed for equalization remains 2,139 ft^ (59.9 
m3) for the 24-hr deagn flow. Assuming an operating depth of 8 ft (2.4 m), the area; 
of the sideline equalization tank will be 



-A = 2,139/8 = 267.4 ft2 

The diameter will be 
' : D= (4A/7r)0-5V 18.5 ft 



An additional, depth of 4 ft (1^2 m) bejow low waWr level will be needed for operation of 
the turbine; 1.5 ft (0.45 m) above high water levell will be required for freeboard, making 
•the total tank depth 13.5 ft (4.05 m). 




; - FIGURE 4-7 
SIDELINE EQUALIZATION 



. A submei'ged turbine aerator, similar tp .that used in the areation tanks, should be used for 
/ aeration and mixing in the equalization basin! The. turbine should be large enough to prevent 
/ anaerobic conditions. The horsepower needed for the submerge(i turbine will be 

; hp - (0.04 hp)*( 16,000 gal)/ 1,000' gal ' ^ . 

■ . . = 0.64 hp (use a 3/4-hp drive) . , 

The compressor should be able -to provide air against a head varying between 6 ft and 15 ft 
(1.8m and 4^5 m). * 

'-. * .• • ■' ' ■ • , • ■ ■ ■ 

• Air required = (1.5 ft3/min)( 16,000 gal)/( 1,000 gal) ' ':. 

; " =^ .24 ft^/nvn . . ' * • 

Three additional pumps will be required, each with a capacity of 25 gpm (1.6 l/s) against 
about a 25-ft (7.5-pi) head; dne>perhaps should be variable speed. These v^ijl require addi- 
tional space in the pumping station, plus additional wet well volume, piping, and valves. 

It is possible to substitute^a contact-stabilization, activated sludge system foMh^ extended 
aeration system, if sideling equalization is used. IJowever, becaii^e-of the added sludge tp be • 
wasted and its dryiiig'ca^ty , this system would require an ^aerobic digestion tank of 1 5 to - 
20. days: retention for waste sludge, for further stabilization, before it is,placed on the sludge- 
drying beds. This alternative, sljould also be included in 'the cost-effectiveness study for a 
treatment plant for a specific location. 

4.8 Costs of Equdizatipn 



The cost:?' of adding inplant orlsideline.;^^^^ a 67,300-gpd (254.7 m^/dj waste- 

. water treatment plant, using the examples irt' Section 4.7 and ^a U.S. EPA Treatment Cost 
Index of 225, are presented in the following subsection. • 'V^'^' • . . 



4.8.1 Inplant Equalization 
j)ital Cost Changes 



Capita l Cost Chginges ' ^li^ / ' v--: r 

■AU*d aeir^tion taijk volume til. 8 yd3 - 

reinforced c6ncrete>^^-^ , 7 ' '-'S .J^^^^ 

Proportional controlilerand butterfly valve in^^^^^ . - • •: 2v^0a^, 

darifier (reduced si^e). (10:4 yd3 reinforced concrete) ' , ; : :i;,005 ' 

Chlorine contact pi^e' (re4uced size) . ^ v ; 620 

; : Subtotal^ , ^ ^ - ^ 7,415 

• • , • "'.•/, • ' , ■ 

■ ' ■ . . ' i ^ , ' ■ s ' ■.-:.:<■ 

Annual Cost Changes . , : ' " 

Added electrical power use (at $0.04/kWh) ; . . . ; ' $ lo 

Added O&MJaboi; ^; \V/ ' SOb 

• Subtotal ^P>i ^^••"■'•.•r*' ^ ^ " cm 



ERIC 



Intangible Benefits , . \ ^ . 

Better chance that effluent will consistently meet standards; minimisation of 

chlorine dosage reduces chance of toxic chlorine compounds in effluent. 

4.8.2 Sideline Equalization ' V • ♦ 

. Capitol Cost Changes 

^ V , Equalization tank X48. 1 yd^ reinforced concrete) ' ; $ 1 1 ,230 

Equalization pump installation ; ^ 17,380 

Flow metjers (two) , ^ 3,600 

Extra piping and valves | > . V . ' 2,570. 

Submerged turbine and compressor ^ . - r2,l2Q > 

Reduction in clarifier size (10.4 yd^ r^j^c^^d concrete)' - ■ ( |,G05 

Reduction in chlorine pipe extractor si^^^ ' ,62Q 

; Subtotal . ' ^ ; ^ $48,525^ 

> . ■ • 

'■ Anirtual Cost Changes - 

Added eleqtric poiwer use (at $0.04/kWh) , . $ 1,450 

V. AddedOWl^ - 1,350 

Subtotal -f '-^ - $ 2,800 



Tntangible Benefits * /^'^ V 

Better Chanp§ that effluent will cbrlsistently meet^ standards; minimization of 
chlorine dbsj^e reduces chance of toxic chlorine compounds in effluent. 

■ -pi . ■ ■ V ■ ■ : .'. ■ ■ . : ■'^ ^ : 

4:9 Case iStudies \ ■ r " 

4.9 J WaUedl^e-NoH Wastewater Treatm^ 



The ^Vailed Lake-No vi wasfe water treatment plant is a new p9?/^l), 2. i-mgd facility employ- 
ing sideline flow equalization. It ^was designed to meet stringent effluent quality standards, \ 
including 1) a summer rnqri]^ average^ BOD^o of 8 mg/1, 2) a winter monthly average 
BOD20 of 15 mg/l, and 3) JQ tng/1 of isS(:Ti^^ 

lowed by multimedia tertiary filters. Ferrous chlqKde.,and lime are added ahead of aeration 
for phosphorus removal. Sludge is processed by aei^Obic digestion'^and i^ewatered on sludge 
drying beds. A schematic diagram of this facility is shown in Figure 

A major factor iii th0 decision to employ flow equalization was the desire to load the ter- 
tiary filters at a constant rate. The equalization facility; consists of a 315,000-gal ( Ll90-m3) 
' cbncrejte tank, equivalent in volume.^tQ , 1 5^er^elTt of the design flow. The tank is 15 ft^ 
(4.5 m) deep and 60 ft (18 hi) in diameter. Aeration and ipixing are provided by a diffused'l 
air system with a capacity of 2 cfm/l,()00 gal (0.015 m^/m^ -min) of storage. Chlorinatioiii;; 
is provided for odor control. A sludge scraper is used to prevent consolidation eOf the slijd|fe^i\ 
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OperatipnpDf the/equiai:^^tiori' fa(^^ The process pumpj|jag rate is 

preset on^the pump contToUer, tp- de^ estimated^ average 'flo^y to the treatment pro- 

cesses. Flow delivered lij^4tKeSQ pumps is monitqred by a^flow nieter that automatically 

^ adjusts the speed of the pUmp.S to maintain the average flow rate, WJjen the raw wastewater 
flow to the wet well exceeds ;tbe preset^^^ \yell level rises, thereby actuating 

variable speed equalization primps/ wW deliver the 6xc,ess flow to the aqualizatioh basin. 
When the inflow to the wet' we^ll is les^^^ average^ the Wet well levjfl falls and an auto- . 

mafic equalization basin efflUeiit contipl valve opens. The valve releasesT enough wastewater 
^tcf^the wt>t well to reestabUsh t^^^ rate'through the plant. Because this is a new 

. plant (as oppose^ to an upgia^ded^plant);/nb^G^ data exist. However, the treatment 

facility is generaUy producing a highly treated effluent, with BOD and SS less than 4mg/l 
and 5 mg/1, respectively (13)! : " , ^v;- v ; • . 

4.9.2 Novi Interceptor Retention Basin . 

The Novi interceptor retention basin (15) illustrates the Utilization of an equalization basin 
wifhin the wastewater collection system. . ' . / . 

A portion of the wastewater collection system for the city of Novi, Michigan, discharges 
to the existing Wayn^ County Royge Valley interceptor system. . Because of the existing 
connected load on the Wayne' County system, Novi V wastewater discharge to the inter- 
ceptor system is lirfStett'^to a* maximum "flow rate .of 4 cfs (0.1 1 m^/s^This Me was 
matched -t)y the existing maximum diumal\flbw form the oity^ To serve additional popula- 
Mot^j it was ^^ecided.to^qualize was^^water flows to the intercei)tpr: system. By continuously 
^;dischatgilfg to the*interceptor at ah iav^rage rate of flow,* total ^Wastewater^fl6^.s from Novi 
\ to the Wayne County Rouge Valley interceptor system could pe increased by a factor of 
2.6. , ■ / 

An 87,000-ft3 (2,43^ >-m^cpncrel^ basin was edf6«s4ructed for equalizing flows. The tank has 
a diameter of 92 ft'(28.mVand a deplh of 10.5 f1? (3^2 m). Aeration and mixing are provided 
by a diffused air system «papable of delivering *2>efm7 1,000 gal (p.015 m^/m^ 'min)of stor- 
age. ;. _ . .-V;'-^^ - 

A manhole located upstream of the equalization basin intercepts 'flow in the existing Novi 
trunk sewer. This intercepted. Wastewater flows into ^ weir structure, whfch allows a maxi- 
mum of 4 cfs (0.1 1 m?/s) to discharge into the Wiaiyne County systepj. Wastewater in excess 
of the preset average overflows in>io a wet well and. is puraped to th9;equalizatidn',iasin. If 
flows in the interceptor fall below the preset average, a flow control meter generates i signal 
evening an automatic valve or^.the effluent line of the basin, allowing stored wastewater to 
augment the flow. 

4.9.3 Dawson, Minnesota . * , , - 

To improve operation and reduce the cosj(s of biosblids clarification, chemical treatpfient, 
final - clarification, and chlorination, equalization was considered necessary at tJ)ie*Dawson, 
Minnesota, wastewater treatment plant, ifethef than build a separate equalization chamber^ 

^ - , '4-24, ' • ' . . / 



EKLC 



the aeration uiiit was designed as a variaj^ dejpth p?cidation ditch, to obtain both hydraulic 

and solids loadingipqualization (16). ' , ? 

>d ■ ■ ■ . • . ' • 

The variable depth oxidation ditch shown in Figure 4^9 illustr^es this jprocess. Design cri- 
teria for this plant are contained in Table 4-2; performance data are included in Table 4-3/ . . 
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TABLE 4-2 



PRINCIPLE DESIGN CRITERIA, DAWSON, MINNESOTA, 
* WASTEWATER TREATMENT PLANT 



Area Served 



1970 Population 
2020 Design Population 
2020 Design Population Equivalent 
1970 Flow, mgd 
2020 Design Flow, mgd 
Influent BOD, mg/1 
» Effluent BOD required, mg/1 - 
Estimated Industrial Flow (first 5 years) 
Receiving Water 

Aeration Channel 

Overall Length, ft 
Overall Width, ft 
Minimum OperatingJBepth, ft 
Maximum Operating ufepth, ft 
Volume (minimum depth), ft^ 
Volume (maximum depth, ft^ 
BOD Loading (niinimum volume), lb/ 1,000 ft^ day 
BOD Loading (maximum volume), Ib/I)^ ft^ day 
Detention Time (minimum depth), hr 
Detention Time (maximum depth), hr |S 



City of Dawson, Minnesota 
1,800 

2,200 ' * 
2,400 . 
*v 0.20 
0.26 
230 
5 

. ' ^ Negligible 
West Branch of the Lac Qui Parle River 



244 
84 ■ 
/ 3.0 
4.1 
25,675 
36,730 
19.5 
13.5 
17.7 
25.4 



BiO'Solids Separation Unit 

Volume, gal ' ' 
Volume, ft^ . , 

Detention Time, hr'*. 
Surface Area, ft^ 

Designed Hydraulic Loading Rate, gpd/ft^ 

Chemical Quick Mix Tank 

Volume, ft^ . 
Detention Time, sec 

Chemical Slow Mix Tank 
Volume, ft^ 

' Detention Time, minutes 

Biochemical Solids Separation Unit 

Volume, ft^ , 
Detention Time, hr 
Surface Area, ft^ 

Designed Hydraulic Loading Rate, gpd/ft^ 



32,000 
4,275 
3 

450 
580 



9.5 
24 



i 



360 
15 



42,400 
5,670 
4 
648 
400 
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TABLE 4-3 



PERFORMANCE DATA, DAWSON, MINNESOTA 



1 






Average ' 


Concentration 


Period 


No. of Samples 


1.^11 arawicnsiic 


xnuueni 


ciiiueni 








' . mg/i 


mg/i , 


9/7/73 to 12/13/73 


9 


Nitrogen 


46.1 


21.45 


911 113 io 12/13/73 . 


8 ' . 


Phosphorus 


9.8 


3.9 


9/7/73 to 12/13/73 


11 


B0D5 


245 . 


3.7 


9111113 io 12113113 


1.1 


ss 


267.5 




9/7/73 ta 12/13/73 


13 


COD 




45 


Note: Without chemical addition. 









1. Analyses were based on grab samples or composites collected Between 11 a.m. and 
3 p.m. . 

2. Average flow from 9/7/73 to 12/ 12/73 was 185, 000 gpd. 

3- MLSS varied between 3,000 and 9,000 mg/1, with the higher MLSS value in colder 

weather, ^ 
4 F/M varied between 0.3 and 0.6 lb BOD/lb MLSS. 
5. Sludge age was about 30 days. 
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CHAPTER 5 



HEADWORKS COMPONENTS 



5,1 Introduction ^ • 

' The cprripon^ats of a treatment plant upstream of, and providing pre treatment for,. primary 
clarifiers, flocculators, equalization tanks, or biological units, are considered part of the 
headworks. Typica^ head works components are wet wells and units fbr screening and com- 
minuting, grit removal, grease and oil removal, and pumping. ^ 

These cornponentis provide preliminary treatment for \yastewater to optimize the operation 
and performance of subsequent treatment processes. Headworks components discussed in 
. this chapter relate to treatment of wastewater that is substantially domestic in origin. In- 
dustrial wastewater, it can be assumed, has been pretreated to such an- extent that it can be 
treated as domestic wastewater without loss of plant efficiency. Federal reliability require- 
ments (1) must be considered in selecting unit processes and equipment for wastewater 
pretreatment in the headworks. v;- / 

Design criteria and calculation methodology for headworks components are given in -several 
publications (1) (2) (3) (4) (5) (6) (7). Table 5-j lists the units or processes commonly 
found in headworks and their functions. Under special circumstances, some, functions may 
be combined in one unit. * ^ 

TABLE 5-1 • 

HEADWORKS UNITS 



' Units or Processes 
Racks and bar screens 
Communitors and grinders 

Grit removal 

Skimming (aerated or Uriaprated) 

Preaeratioh ' * 

Fine screens 
Pumping 

Measuring devices 
Sampling wells 
Mixing tanks 



Functions 

Strain oiit coarse wastewater solids 

Macerate and grind wastewater solids into 's;naller 
particles ^ 

Intercept and remove sand anji- grit 

Remove lighter-than-water particles (such as grease, 
oil, soap, wood, a^d garbage) ^ 

Add oxygen to vvaste.water, initiate natural flocculaT 
tion, arid control odors - 

Strain out smaller suspended organic matter 

Add sufficient head to wastewater for gravity flow 
through plant ' 

Determine influent flows ' 

Provide location to sample plant influent 

Mix influent wastewater, recycled solids, effluents, or 
sidestreams and chemicals to achieve homogeneity 
throughout the wastewater 



5-1 
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5.2 Racks, Bar Screer^, and Comminutors - 

One process common to most treatment plant headworks is screening out larger solids (rags/ 
pieces of wood, dead animals, etc.) that would be; unsightly or cause difficulty in down- 
stream processes. For small plants, the screening is;,usually accomplished by a hand-cleaned 
bar screen or two bar screens in parallel channels. Sometimes the bar screen is followed by 
comminution. If the comminutor is down for repair, or if peak flows exceed the commi- 
ndtor's capacity, the bar screen may constitute the entire pretreatment. 

In a bar screen 3/8 in. (10 mm) wide by 2 in. (50 mm) deep or larger, bars are welded to 
crossbars oh the downstream side with a clear opening between bars of 1 to 1.75 in. (25 to 
45 miii). The bars, raked by hand, should not be so long that they are inconvenient to clean. 
*An easily drained floor (with closely placed drairt holes) for temporarily storing the rakings' 
should be placed downstream from ^he top of the screen. Thf? ayerage velocity of flow 
through the bar screen should be 1 ft/sec (0,3 m/s) orgreateri • ' ' 

MecMhically cleaned racks are usually considered ilNsuited for uste in small plants. Tfieir 
dfcsign^ in references (4), (5), and (6). ^ v 




Screenings tiprn the racks or bar screens can be disposed oN^y^^Mmling them to approved 
landfill areas that are designed and operated to protect groundwater from leachate pollu- 
tion. ^ . , " 

Comminution devices cut up the solids in the raw wastewater to prevent an adverse ^ffect 
on the efficiency of later pumping and treatment processes. If grit removal is included, the 
comminution devices should follow grit removal, to protect their cutting surfaces. However, 
they should usually precede any pumping units^ to prot^ect the pumps frorp being clogged by 
rags and large objects. S S^^ v v^,'. 




5.3- Grit Removal ' ' ' ^ : - r, '•'^:<^-t^^^M'''-4^ 



Grit is th^ heavier suspended mineral matter in waStev/Stfer, consisting esseriti'^Siv^^^^^ 
gravel, and cinders. Grit usually contains eggshells, bo'ne chips, see^s, coffee^gr^^^^ 

^larger organic particles, such as food partigles that have passed through garbage Sf^^^^ 
fjrit contains substances with specific gravities much grefater than ^ those of the normal 

^j}utrescible and oxidizable organic ma^rial in wastewater. 

nGrit removal units should be included in the design of small wastewater treatment plants. 

^These units are particularly important if the- wastewater contains enough grit to cause faster 
deterioration and subsequent' replacem»ent of equipment* such as pumps, centrifuges, and 
comminutors; to increase the frequency of cleaning of digesters; or to result in excessive 



deposits in pipelines, channels, and tanks. Grit is usually removed in controlled velocity^ 
,chambers, detritus tanks, or aerated grit chambers. Design crkeria.for these units are in 
references(l),(2X(4),(5),(6),and(7). . . ; 

In smallerTreatment plants, when grit removal has been neces$ary, manually cleaned paraller ' 
grit channels have been used' in combination with a downstream control to maintain a uni- 
form velocity of close to 1 ft/sec (0.3 m/s) through the grit channel. The velocity must be 
kept within a range that permits the heavier inorganic grit to settle while lighter organic 
solids are kept in suspensioi|. ' 5, 

/ ■ ■ ■ ' ■ ' " 

Care must be taken in selecting a downstream control for grit removal channels, to insure 
that the velocities are not excessive, particularly along the bottom of the channel^ during 
higher flows. Parshall flumes or Camp weirs provide such control. The Parshall flume j^so 
commonly used to measi^re. the ihfluent flow. Proportional or'Sutro weirs control the aver- 
age approach velocity, but^end to cause excessive bottom velocities. 

A/detritvs tank is a grit^ chamber in which the velocities permit an appreciable amount of 

* Qfganic matter to settle out with the grit. An aerated .detritus tank, or aerated grit chamber, 

is a,tknk in Which the organic matter, that would ^.fe€irwise settle out,. is maintained in 

■ • ■ ■ ■ ' K'-t..^?' 0 • 

suspension by rising air bubbles or some other form e^f;;p|i^tion. 
Aerated grit chambers have the following advantages: 

. 1 . Grit removed is clean enough for disposal without further treatment. 

2. Variations in flow have. little effect on the efficiency of grit removal. 

3. The removal of grease, or other floatatiles, by flotation and skimming 'can be com- 
bined in one chamber with grit removal. \ ^ 

4» The chamber, because of its mixing capabilities, may provide ^ood location for 
chemical additions to improve plant solids and phosphorus remo^al^nd for odor 
: control and prechlorinatiori. ' ■ ^ 

• 5. PreaeratiOn a^ds DO to incoming wastewater, normally devoid of oxygen, before^ 
it is discharged to the nfext process. , 

The major j^isadvantage of aerated grit chambers for sniall treatment plants is that they 
require more operation and maintenance than do manually cjeaned grit channels. 

In general, grit removal efficiency depends primarily on surface area. The areas commonly 
used are listed in Table 5-2 ((5). 

* 5.4 Oil, Grease, and Floating Solids Removal • ; > % 

Oil, grease, resin, glue, and floating solids such a$ soap, vegetable debris, plastics, fruit skins, 
and pieces of cork and wood interfere with some processes: 'aind should be removed in the 
head works, if large quantities are present in the raw wastewater. Aerated 'skimming tanks 
with detention times of about 3 minutes are commonly used for biUgi^ease, and floating 
solids removal. Air requirements are about 6.03. ft-'/gal (0:22 m^/m^ 
these units (3). References (3), (4), (5), (6), and (7) contain- d[esign criteria tlteie^,.units. 



Table 5-2 



THEORETICAL MAXIMUM OVERFLOW RATES FOR GRIT 



Size of Grit Particle 



CHAMBERS (6) 



OverfloVi Rates ^ 
gpd/lrt2^ 



Approximate . 








1 

I ■ 


Screen Mesh 


Diameter 




Specific Gravity 




X No/ 


mm 


2.65 


\ . 2.0 




48 


' 0.30 


65,500 


\ 39,600 




60 / 


0.25 


58,000 


V 35,200 




65 


". 0.21 


46,300^ 


; 28,000. 




80 


0.18 


40,900* 


> 24,800 




100 


0.15 


32,300 


, 19,600 





^Liquid temperature about 15° Cr- 



Skimmings from these units/ are normally putrescent and may cause odcir nuisances. Bio- 
degradable solids of vegetable or animal origijn may be discharged to sludge digestion units. 
Other types of skimmings (such as those containing, mineral oils) may be buried with screen- 
ings. Skimming volumes usually vary from 0.1 to 6.0 ft^/mil gal (6). . ^ 

5.5 Preaeration . . 



Preaeration of wastewater has been used throughout the United States for over 50 years to 
control odor in -downstream units (aeration may cause odors by releasing H2S gas) and to 
improve treatability of the wastewater. Short aeration periods, up to 15 minutes, have been 
found ^dequate^ for these purposes. For longer aeration penods, the additional benefits of 
grease separation and improved flocculation of solids have also been observed (8). 

. ■' ■ - . , . ^ 1 • 

AJttough the use of aerated g'^rit chambers is becoming increasingly popular as a pretreat- 
,meiiEt unit in, wastewater treatment phnts, they should not be expected to increase substan- 
tially BOD or SS removal during primary clarification, because of the relatively Ishort deten- 
tion times normally employed. Aerated grit chambers can -be combined with preaeration ff 
grif removal is limited to the upstream portion of the tank \ 

Preaeration is some tirijes located in the distribution channels. With aeration in thfe channels, 
there are added benefits: absence of settled solids, even at reduced velocities^ and unifarm\ 
distribution of solids to multiple units. 1 

The major parameters to be considered in the design of preaeration facihties are irate of air 
application and debntion time. To maintain proper agitation, the air supply system should 
provide a range of 1.0 to 4.0 cfm/linear foot (0.00) 5. to 0.006 m^/m-s) ofltank.or 
channel. This range will insure adequate performance for nearly -all physical tank layouts 
and types of aeration equipment used, if there is more than 0.1 ft^ of air supplied per gallon. 
orwaste\yater (0.01 m^/l). , . ^ ' .\ 
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Effeclfive. prea^ration has been achieved at-detention times,6f:;w and less (iB) (9). 

The Ten States Standards (2) recommend a detent^h^tin^of 30 minutes for effective solids 
flocculation if inorganic chemicals are used in CQnjunction with pjr^ ration. For appre- 
ciableiBOD reduction, a minimum of 45 minutes is recommended. The use of polyelectro- 
lytes may alsp affect these detention times. . 

5.6 Physical Screening 

Physical screening can be defined as the removal of solids from the wastewater flow by a 
screening lipedium (such Units have no appreciable thickness in the direction of flow). 
Screening units are also described in Chapters 6 and 11. Different types of coarse and fine 
screens are used to remove coarse material at the heall' 6f ^he plant or to remove SS as a part 
of, or in lieu of, primary treatment. Design criteria foi* screening units are presented in 
Teferences^2), (3), (4), (5), (6), and (10). 

In the past, fine screens used in wastewater plants were mechanically cleaned deviceis with 
openings 1/8 in. (3 mm) or less. Wedge wire screens are becoming accepted as efficient and 
economical (devices for small treatment plants (10). ^ 

5.7 Pumping 

Quite frequently V wastewater must be pumped from, its point of entry to the treatment pro- 
cesses. Pumping facilities often form part of the headworks. The wet well is sometimes used 
as the point at which >to recycle some plant influent or to add chemicals for odor control. 
Subsection-3T3-contains "descnpt^^ design criteria and other aspects of jjumping at small 
wastewater treatment plants. ' 

5.8 Flow Measuring arid Sampling 

Means for efficient flow measuring and sampling must be considered by designers of small 
wastewater treatment facilities. The flow and time of day should be noted for all samples of 
wastewater taken.! Locations in a treatment facility ^yhere flow measuring and sampling 
should be consid§red\ are plant influent, equa^fction tank effluent, recirculation streams, 
process sidestreams, sludge withdrawals from the wastewater treatment ^stream, and plant 

effluent; ' \ ' " 

\- . .. . ' ■ . ■ ■ ' 

Measuring devices used in small wastewater treatment plants include Parshall flunles, Palnjer- 
Bowlus flumes, and weiics in open channels; venturi tubes, Dall tubes, orifices, nozzles, mag*- 
netic meters, .and pipe trends in closed pipelines; and parabolic flumes, California pipes, and 
Kennison aoizles in pipfes discharging freely to the atmosphere. Gr?iyimetric and volumetric 
containers are used toycalibrate flow-measuring.,devices and sometimes for' regularly sched- 
uled measuring on a ull-and-draw basis. Positive^*displacement pumps can be used to obtain 
relatively accuratjj nieasurements of sludge flow if they are calibrated on a /regularly sched-. 
uled basis. Descriptions and design criteria for these devices can be found iri references (4), 
(5), (6), and ( 1 1 ) and in manufacturers' catalogs and bulletins.- . 
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Factors interferihg^with one or more of the commonly used measuring'=^de vices are grease, 
;^ floating solids, grit, SS,;.excessive variation in flow, and inadequate available heads. Flow 
yeldcities, through measuring devices, must be large enough to cause periodic scouring of 
any solids that have settled during time of low flow, but should never reach supercritical 
levels. Upstream conditions miay/influence flow measurem6r)Lt...if flulhes or weirs are used. 
T>i^Q^pproach flow veloeities must Ml^ than critical undef all conditions. Drops in the in- 
veft should 'be located far enough upstream from ther open channel measuring device for the • 
hydraulic jump and resulting turbulence to have been dissipated before the ilpw reaches the ' 
measuring device. Small' pipelines under pressure, which might enter open' channels ahead of 
flumes or weir$ /at supercritical velocity, can also cause erroneous measurement, if not 
located a .suTficieiit distance upstream from the flume or ly^eir. A- straight reach should be . 
ppcmded, far enough upstream for, the incoming velocity- ;distribution to become uniform 
acro^ the-entire rectangular cfoSS-SQCtion at the entrance ta-the measuring device, 

« ' ■ . • ' ' * 

^Xhe difference between liquid levels upstream of a control and control eleva^tjon indicate the 
%fl6v/ through a flume or y^Mif Liquid-level indicators commonly used are floats, -pjessure 
ciells, electrical probes, aid - prieumad Conditions downstream;X)f open 

channel measurinj^devices must be desijgn^^ avoid any backup of flow that ^viti>flbod 
out the measuring device.' With a sel^arate float chamber, the float can b>\niaintained satis- 
factorily- by most operators. Floatless, liquid-level-indicating devices sometimes require 
servicing by manufacturersVrepresentatives when they malfunction. . "~ 

To measure raw wastewater and other open channel 'flows, prefabricated Parshal^ flume 
liners, with intpgral float chambers installed in concrete channels, are relatively, tr.Quble free. 
Palmei^Bowlus flumes are also prefabricated for installation in pipes or manlioies;^12). One 
type of flume carries an imbeidded-Sensor-element, electronically providing information to 
relate water depth to flow rate, installation of such a Palmer-Bowlus flume is shown in 
Figure 5-L This -monitor can also be used to provide an output for a\ifbm<^tic Q<5nVol of 
treatment processes or sampling. ' ' • 

•Adjustable-level V-notched weirs make good overflow and measuring device^ frbrh'.activated 
sludge-recirculating and flow-st)litting boxes. Constant heads 6n these box^s can be main- 
tained, using progressive cavity pumps or telescopihg valves. The liquid-lev4l indicator used 
here can be relatively trouble free if a separate float box is used. ; . / 

Magnetic flow meters are expensive and difficult to maintain, bui^ can nieasure accur^^tlf^' 
over a 10:1 flow range (larger than most) without interference from . orgahic ^hds, if grease 
has been femoved from the wastewater To furiction most efficiently, however, they must 
be installed vertically.ivvith straight approach&.^l-|)6y ^ used satisfaptorily to measure 

return sludge at so^ne.small. activated plants,"but' not for primary ?ludgk . because of grease 
content. . . ' - " <, . . 

There are many ways of measuring, flows and sampling in a manhole with little, if any, loss 
of head. Stephenson and Gates (13) describe an arrangement using a V-notch Ayeir, a float iri. 
a small stilling well, a recording meter, and a 24-hour composite samp^ler, all of:.> 
shown in iFigure 5-1. // ^ '^/v 
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PALM ER - BOWLUS FLUJVIE :AND FLO W METER INfSTALLATl6N; (13) 

■ r :■• ; ' .-;: -^vv-.i v-v;:.: , ■ ■ 

' t.YPICAi;.MET€WNG AND SAMPLING INSt/^LLAf IONS - 



Manhole installation of the Palmer-Bowlus flilme is simple and 'efficient (5) 'TO device. is 
especially useful if flow measuring devices are. to be added to S?dstihg facilities. , 

■ ■ " ■ . ' ■ ' " ts. ■ ^ •■ '. • • ■ ■ 

Many automatic sarppling devices have proved to be satisfactory and havfe been developed • 

. and patented/ The //flwdiob/: for Monitaring Jndustrial Wastev}ater,(:\ \) points out that ob- 
taining good'sarnples and -the resulting analytical data depends on: ' ' / ■ ' 

■ <i • * ■ ■ ■ , ■ ■< ' • ' • • - ' •■ ' 

\c 1.. . Insuring that the sample taken is truly representative oCthe liquid., 
v.. V 2-;^ i^Usiiig pix^ . ■ . / 'B- ' r . ' - 



Sampling procediiires ai:e described in references (8) and (11). 
5.9 Eqiialization Tanks; . ; , : ^\ Vv " • ^ 



. Equalization tanks are sometime? u^efl^^^ 

.gerieral cate^ components'. Method^ used to etciualize hydraulic ahd^prgariic 

loadings on various processes are^dis^^ ■ ' . \ 



V -5 .1 0 Chemical AdditiVes' :^ * 



Chemicals for>kisinfection, pH control, and odor :Control are sometinjes added to the waste- "^^^ 
^ water , in the head^orks. Chemicals may be dispersed, by adding' tH^m to, aerated grit * 

chambef^i^epted channels, hydraulic jumps, and^^pump suction lines- besign for chemioal;^^^^ 
V; . additiori S in Chapter 6. s . ! / ' ' ^ 

.^ri^' S.ll : References ■ ■ -/v. • ' . ' ' 
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■ ' ■ . ' . ^^' • ' 
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r- CLARIFICATION Ol? RAWVaS - ' . • 

* ' . ■ " ■ , • ■ • ' • . * 

6.1 General * ^ ^' . ^ ' • V ' ^ . ^ 

, A large portion of the BOE) found in raw domestic \yastewaters is in the form oCuspended* 
soUd«, part of which, can be removad by plain sedimentation or, to a ^eater e}c^en'!,^y 
chemical- coagulation, flocculation, and *sedimenta^tidn. General de^gn details and case ' 
■studies of facilities jbesf suited to accomplish this can be found in \h& Process Design Maruml • 
for Suspended Solids Remo va4| 1)- and the Process Design Manual for phosphorus Removal ' 
, (2). For additional information on the theory and design' of chemical .coagulation, floccula- 
, tion, aifd claiification, refer to Chapters 12 and. 14 and references (3.) through (1 IX • 

6.2 Coagulation and Flbcculation ^ ' ^ » 

Coagulation, as the tfirm is used here, is the d^stabiUzation and initial agglomeration of col- 
loidal or fine suspended niatter by adding a flqic^forming chemical. The jar test is the normal 
way to, determine both the coagufent dosage required for optimum SS removal and the 
characteristics of the floe. This test attempts- to simulate the fuU-soale c6agulation.floccula- 
tion process*^ the laboratory, test procedures may vary, depending on the type of equip^- S! 
ment in the plant, bixt there are common eleirferfts. If the wastewater temperatyre' varies 
appijecial^ly, jar tests' conducted at the lowest ejqjected temperature should represent the / 
most exacting conditions, because cbagulatioip and settUng are retarded by lower 4empera-'^' 
tures. If coifeulants are used, they must be thproughly dispersed by adequate mixing in the " 
wastewater. To insure complete mixing, a rapid mix basin, equipped with mechanical 
mixers, is normally required. Ad,equate migng can be accompUshed in 1 0 to 30 seconds. 

Flocculatiorf is the agglomeration of colloidal particles after coagulation, accomplished by 
gentle stirring, using either mechanical or hydraulic means. The mixing, provided in a rapid * . 
mixing basin, mlt promote particle coUision but is much too intense to promote floccula- 
tion. Xhe design of the flocculation basin and the characteristics of the chemically treated 
partides will determine the limiting size and the settling characteristics, of the floe. Velocity 
gradients ih the flqcculation basin prqinote jjarticle collision and growth. These growing 
flodculent particles, however, ^e fragile arid in(?reasingly subject to rupture by she|r force 
of^he velodty gradient: A typical turbine-type floccula^r is shown in Fi^re.6^^^ ' • 



The peripheral speed" of any agitator in a flocculation basin should generally not exceed 
2 ft/sec (0.6 ra/s), and a variable : speed drive should be provided so the speed can be 
aOjusted to 0.5 ft/s«c (0.15 m/s): Mdre detaifon the design requirements for efficient 
flocculation is presented in reference (1). ■* » " 

i 'm. . / ^ _ ■ ■ ■ • . • 
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6.3 Solids-Contact Treatment ( 

As far as complete utilization of added chemicals,* such as aluhi, iron salts, and lime, is con- 
cerned, it has been found beneficial to continue chemical addition, mixing, and flocculation 
simultaneously, in the presence of previously precipitated solids (3). This procedure is 
usually practiced with specially designed systems in which clarification fakes place in a 
single integral structure (called a solids-contact treatment unit), as shown in Figure 6-2. 
Solids-contact treatment can also be simulated by recycling settled sludge from the clarifier 
to the rapid mixing basin in a conventional clarification sequence. However, as high a con- 
centration of solids cannot be maintained in this manner as in an integral soUds-contact unit. 
Solids-contact treatment is especially beneficial if lime is used for phosphate precipitation, 
because it decreases the tendency for supersaturation and subsequent deposition on equip- 
ment and conduit surfaces, which can be quite severe with treatment at high pH. 

' ■ ' ■ *. . • . ' ' • ' " ■ . 

6.4 Sedimentation ' • 

■ . ' ■ * ■ * ' "v 

Quiescent conditions must be maintained for sedimentation units to be effective. Gravity 

sedimentation is universally used to obtain primary separation of SS from wastewaters and 
also to separate biological and chemical floes produced in various treatme^ft processes. Al- 
though dissolved air flotation has been employed for primary clarification, the effluent SS, 
in general, are higher than that from gravity units. Using these units to separate chemical 
floes has shown promise but has not yet been adopted in municipal treatment. Flotation has 
proved both technically and economically effective for sludge thickening at larger treatment 
plants. Some treatment plant designs^,have omitted primary settling. This may be advan- 
tageous, if one or more of the following conditions apply (12): 

1. Sludge from the facility is to be treated away -from the facility. ; 

2. Aerobic digestion or extended aeration processes are to be us6d. 

If it is possible to eliminate primary settling, the following benefits m^y be achieved: 

.4 

: 1. The construction, operation, and maintenance costs of primary clarification are 

^ eliminated. 
' 2. The total dry weight of the sludge removed is reduced. 
\v \3. The activated sludge solids settle faster. 
• 4. The potential source of odor is removed. 

Jhe primary clarifier is usually needed prior to trickling filters and rotating biological con- 
tactors (RBC) to avoid' clogging problems from floating objects, oils, greases, and the larger 
SS. In some newer installations, wedge wire screens have been successfully employed in lieu 
of primary clarifiers. If the primary clarifier is followed by biological treatment and sec- 
ondary clarification, it is usually not necessary to remove the finer SS in the primary settling 
tank, making increased overflow rates permissible. If the wastewater contains larger-than- 
average amounts of grease and oil, an aerated ^grit chamber, followed by a quiescent grease 
removal unit, may be usW instead of a primary clarifier equipped to remove floating solids. 
. Wastewater treatment ponds and oxidation ditches do not require primary clarifiers. 
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6.4.1 Basis of Design 
Analysis of the ideal settling basin shows that its area should be equal to: 

. ■\;;;v; - . . ■ " v " ' / '■A = Q/v3::." 

where Q = flow through, ft^/min (m^/s) 

Vj.!: 5e^^ velocity of particles to be removed/ft/min (m/s) 



'•4 



Thus/thq tiats^ controlling the size and performance of a settling basin is ithe 

settling velocity of the indivitiiial particles to be removed, In the case of a concentrated 
suspension, such as activated sludge mbced liquor, this parameter is^the initial settling ve- 
locity of the susp^sionrbefere the proximity of the particles slow their subsidence (7). 
Refer to Chapter 7 for design pf secondary clarifiers. V .. 
--' ■*■.■ .1 

The settling rate of particles depends on their size, shape, and density, and on liquid tem- 
^ perature, The liquid temperature has a very significant influence: settling velocity can be 12 
Tt/min (62^mm/s) at 25' C or 6.5 ft/min (33 mm/s) at 5° C, because of the significant 
changes. in the density and viscosity over this temperature range. 

Concentrated suspensions, present in activated sludge mixed liquor, or the slurry in a solids- 
contact treatment unit, settle as a mass of particles and leave a distinct interface between 
.the floe a^^^^^ occurs as shown in Figure 6-3 and has three zones (6) 

(13). During thejnitial period, the floe settles at a uniform rate undef conditions of hind- 
* ered settling. The magnitude of this velocity deppnjls on the initial' solids concentration. The 
next .zdne is a transition ^one in which the settling velocity Heerys^s/^^^ Finally, 
there is a compression or thickening zone. The initial settling velocity for any given set of 
conditions is important, because it determines what the maximum .h^raulic overflow rate 
can theoretically be before the sludge blanket in k clarifier njight expand and eventually 
overflo^v(6)(lS). 

6.4.2 Basin Design * 

In raw domestic wastewater, the range of particle sizes in suspension is very broad. Experi- 
ence has indicated that about 50 to 60 percent of the SS-can be removed in reasonably-sized 

^^2^. s^^h primary basins for an upflow velocity or oyer- 
flow rate. Both the upflow velocity and the (^ver flow rate are equal to Q/A gpd/ft^ (0,04 
m3/m2 *d). The peak overflow rate may i)e 2300 to 3,000 gpd/ft^ (100 to 120 m3/m2/d) 
for primary clarifiers followed by biological treatment processes ( 1 ). If the flow is extremely: 
variable, as may be the casein small plants, the tank should be designed 4n the basis of a 
peak overilow rate ot less than 2,000 to 2,500 gpd/ft^ (80 to \6o m^/m^ -d). If waste- 
activated sludge is returned to the primary clarifier, ,the peak overiflow rate should be 
reduced to about, 1,200 to 1,500 gpd/ft^ (48 to 60 m^/m^-d) (1). V 
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FIGURE 6-3 

• SCHEMATIC REPRESENTATION OF SETTLING ZONES 




; J . Although basin depth is not considered in the analysis of the ideal basin, in practice it plays 
V : v:an important role. A certain depth is needed to store settled solids, because they are not re- 
moved as soon as they are deposited on the l?ottom, arid depth must be provided to accom- 
r;- /. plish ^ome thickening. The depth also determines the detention time, which should be at 
,1;. .least 120 minutes, to allow possjble flocculation to take place. In addition, the flow-through 
/ ; velocity must b& kept low, to insure that solids settling on the bottom are not scoured up. 
•/ . The maximum horizontal velocities allowable near the sludge layer in a primary clarifier are 
; , on the order of 4 to 5 fpm (0.02 to 0.025 m/s) to prevent possible resuspension of settled 
solids (2) (5). Because the efHuent takeoff point is quite localized, , high upflow velocities 
. approaching the overflow weir can transport scJlids, if sufficient depth is not provided be- 
tween; the sludge, blanket or solids on the basiri bottom and the overflow weir. Although 
.weir loading (expressed as gpd/ft) is frequently specified, it is not an independent param- 
• ete'r, because highetloadings can be compensated for by deeper basins. /.' ? 

(:i?rifiers handling chemical flbcS, siichi^ frorii' aluminum or iron coagulants, should be de- 
signed for peak overflow ; rates, no long&r; thanfdOO and 800 gpd/ft2 (-24 and 32 m^./m'^ -d), 
respedively^With pea^taoadings can be as high as l,6(j(Xgpd/ft2 (64. 

■.^ni /rii -d), coagulation is obtained. For .urii'fonn: dispersion of the influent to the ■ 

.sedimentatioi^amt, orihces placed in walls at the iftleits should be sized to produce'velbd^.- 
. tie^pn^.order.^^ 1.0 fps(b.l5 to 0.3 n>/sj:i)^fices passing wastewater coiii^ihg ' 

. -^:vflo^.shf|j|iiot%^^^^ 0.3 to 0:^,in. :(7.5 to 12.5 mm), to minimize floe 

'■breakujF|Bj>. . . v;:,^- ,"v. v.'- ' ^- . ■ 



■ ■ ■ .. .6.4^3: ■ .B^sih-TypN^ ■ \ / ' r •, ' ■ 

Setttmg baans .(^n;b^^^ predominant direction of flow, horizontal or 

vertical, :0#^ inletVtp:^^^^^^^^^ basiris can be either rectangular or circular, 

as shown ih;Figure::^|.; HQW^ clanfiers (similar to those shown In Figures 6-4 and 

6-5) may have/ nows :^^^^^^^ vertical, by placihg effluent launders-at 

pomts other thaii at t^^^^^^ , - y 

^ 'U- ■M'.Xy: ' ■■■■ ■ ■ ' 

Both .rectangular..ana.;£ireia^t^rti^^ primary settling and final settling 

basins. Rectangular:tahic lBngtK^b-N\a^ greater than 4:1, to reduce pos- • 

sible short circuiting Ghoic? :is'ff^^ construction, costs of multiple 

Units, and preferences renting: fp^;slu^^ For treat- 

. ment , works with Apws fess, than:;i;A^^^^^^ primary tanks are generally 
more economical- t}ian: xectan^w^a:rV^J^;^^ 
and other design fac$|^rscai) bfe fb^riM^^ 

6.4.4 Re Wai ^ Slii^e and &imnia^^^ 
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Most of the equip^el6:ins|^4R. gravity l^ttiiif to remove settled and float- 
ing oil, grease. Or other deSji^- Standard eqg^^ basins consists of at least 
two. revolving radial ai-ms with attached ahgled is^^^^^^^ move settled solids to a cen- 
tral sump (shown JivFigure 6^6):;: Fpr^r^<?t^ usual mechanism consists of a 
chain and fUght colftctor (shown^in Figiv'C^-^ solids to a sump at the 
inlet end.: v'. ■ .'V.v \- ■' 
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A sludge collector (or a circular .basin (used to rnove skimmings toward their discharge point) 
consists of ^ radial arm connected to a submerged plate, with an attached flexible -sweeppf, 
which rides on a sloping bottom pushing the sludge to a sump from which it is pumped to 
the sludge processing, system. - - \» 

In circular units, sludge sump solids can be btirred gently by a blade attached to the scraper 
mechanism, thus combining the processes of sludge thickening arid keeping the thiXotro^tfc 
sludge fluid enough to be discharged Sy gravity or pumping, Utisally, this removal is done^n 
a timed cycle. Similar stirring of sump contents is not norraally^^^^ in rectangular units, 
and problems with sludge "han^-up" have bejE^n ericbuitter^^^^^^ 
; primary clarifier units. .-n^^y . ' ' .> • ^'-'^t' ''V'' •. • 

Sludge collector mtch^uii^^M^ are usually lower in co 

maintenance than chain and flight coUectors for comparable rectangular units; hence, travel- 
ling bridge (instead of chain and fl^^ collectors have been developed and used extensively 
in Europe for rectangular b'asins handling flows greater than about I mgd (0.044; m^^^ 
. Recently, they have come into use in the United States but not for skall treatment plants. 

Although secondary clarifiers for trickling filter plants can be similar to those used for pri- 
mary settling plants, secondary clarifiers for activated sludge platits will require special con- 
sideration. Refer to chapters 7 arid 9 for the design of secondary clarifiers for small plants. 

Thickened sludge, concentration obtained from a primary clarifier without clj^ical treat- 
ment will^be approximately 3 to 6 perceri^t by weight, while th;^ average volume will be 0.3 
to 0.5 percent of the raw wastewater flow. . ^ * 

!■ • / . , / . 
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CHAPtER ? i r 
ACTIVATED SLUDGE 



7 J Introduction 



Activated sludge has become the most vereatile biological process available to the designer of 
wastewater treatment plants. The activated sludge process, designed 
and some preengineered (package) plants in small cornrhum^^^^ 
ployed for decades in the United Staters, E?A's Municipal 

1974) lists over 3,000 activated sludge plants, with desigii' flows of less than l^mg^^^^^^ 
about 6,500,000 people in the United States. Package plants for use in smaller com*^ 
are discussed in Chapter 8. , - 'k'"-' ^ ''i-^^ 

7.2 Description of Basic^r^sses V , ^ /- "^^i-'.- i - '^^ 

7.2.1 Definitions ■ ^ ■ .V. .■ ' ' 

Definitions of terms used in describing the activated sludge ^processe's are listed below: . " 

F/My Food-to-micro-orgaiiism ratio, or process loading factory pounds of. fresh^ BOD^ . 
' applied to the activated sludge syste:m per. day per pound of MLVSS ih tke aera- 
' tion basin, lb BOD/day/lb MLVSS. ^ . ^ - 

MLSS ^ Mixed liquor suspendeSl solids; suspended solids in the aerator mixed Uq\ior, mg/L 

MLVSS Mixed liquor volatile suspended solids; volatile suspended solids in' the aerator 
mixed liquor, mg/1. ^^^^^^ ; 0^ 

SRT Sludge retention time; total pounds of MLVSS in the aerator per pound of VSS; 
wasted per day (or net sblids'produced)^diays. * \ ' ' 

SCFM Standard cubic foot of gas, measured at a dry* pressure of 1.0 atpiosphere C10;13 
kPa) and 20° C. ' . V ^ V f , 

Syi Sludge volume index; volume in millimeters occupied by 1 gram of activated 
sludge, after settling the aerated mixed liquor.for 30 minutes in a 1 ,000-ml gradu- ' 
ated cylinder. . ^ . o 

: ^ y S\i = (ml settled sludge X I, OO0)/(mg/lSS) 

^ , ISV Initial Settling velocity of aerator-niixed liquor,' determined after a few minutes of 
settling in the settleometer test (1). ; ' 

Completely mixedSoMs throughout a fluid, including the effluent, are homogeneous. 

Plug /Zow-Particles in the influent pass; through'the system as ja group of plug in the same 
, perifbd of time. • ' ^ ' • . 
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■ : 1.2.2 Symbols'.. ' ' '^^ , ' ,;' ' Z, / : ■'.■■■^ '.v 

Symbols for terms used in this chapter are as follows: . 

'Q ; Average design (24-hr) flow, gpcL . . ' • . 

W - Aerat|pn tank volunie, ft^ . ;\ • " , < 

..■ ' . ' ' ' .'• ' ' ^ . ■ "t» . ' •■ _ 

Lj ; -. Primary effluent (to aerator) BOD5, mg/l. , ^ . 

Lg V Aerator effluent B0D5,mg/r ... 

•.•^•i^; . -.. Total BOD5 applied to the activated sludge process; 8.34 (Q)(Li - Le)/106^1b/day... 

Fe- SvClarifier'effluentBODs, lb/day. . ■ ■ ' 

Fs parifier sludge B0D5 wasted, lb/day. : " 

S Primary effluent (to aerator^ SS, mg/L >. 

Sj . Primary effluent (to aerator) ySS, mg/l. i v\ it : . , 

Sg \ Clarifier effluent SS^ mg/l. ^ 

• Sy 'Glarifier effluent VSS^^lg/l^ 

Cc . Clari£[er 5i|pittleid solids, ipg/l. .: v^ , * 



.4 ' 



M ',^?tal aeratbj^^^ • r . . ' ' '^^ 

My Total aerator MLVSS, lb. ' ' ; 

Mp Clarifierr.effluefit SS, lb/day. ^ i'^'J " M 



. Excess VSS pFoducedJb/day^Csee- I^igiii; 

Excess SS,produced,^lbMay:(^ei:f^i^ ■'•■'^y- ■' ,^ >■ f . -^^ 
'O ; Oxygen required, lb/day/BOD5' re|jQy.ed/lb7rfay/^ " f --/ 



^Or . Oxygen^required, lb; ; ; : ^> . • ... 

1^ Aerator retention time. - ' . ' 
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R ■ Recycle ratio, Q/Qj^. 



. Qj^ Recycle flow, gpd. . . " 

7.2.3 GonventWnal Activated Sludge \ 4 

J "Activated sludge" descipes 'a continuous, flow, biological treatment system characterized 
by a suspension of aerobic micro-organisms, maintained in a relatively homogeneous state by 

* the mixing and turbulence induced in.conjuhctiooi with the aeration process. These condi- 
tions are in contrast to ^those in processes characterized by fixed growths of micro-organisms 
attached to solid surfaces, such as trickling. filters (see Chapter 9). 

Basically, the activated sludge process uses micro-organisms in suspension to oxidize soluble 
and colloidal, organics in the presence of molecular oxygen. During the oxidation process, b 
portion of the.organic material is synthesized into new cells. A part of the synthesized cells 
then undergo auto-oxidation (self-oxidation, or endogenous respiration) in the aeration tank. 
Oxygen is required to support the synthesis and auto^oxidation reactions. To operate the 
process on a continuous basis, the solids generated must be separated' in a clarifier; the major 
portion is recycled to the aeration fank and the excess sludge is withdrawn from' the clarifier 
underflow for additional handling and disposal (2). The two basic units in an activated 
sludge system are the aerator and the glarifier. In a conventional system (as shown on; Figure 
7-1) the primary effluent and the^ return sludge enter one end of a rectangular tank (length- 
to-width ratio of 5:1 to 50:1), move turbulently through the aerated chamber in a sub- 
stantially plug-type flow, and are ^discharged as a treated mixture at the other en^. 

In the activated sludge process, several, biological, physical, and chemical subprocesses in- 
fluence the total performance of the treatment system. These subprocesses. are: 

1. D^solution of oxygen into liquid. / 

2. Turbulent mixirig. 

3. Absorption of organic, substrate by the activajted floe". 

4. Molecular diffusion of dissolved oxygen .and soluble substrate (nutrients) intcAtfie 
activated floe. 

5. Basic metabolism of micro-organisms (ceil synthesis). 

6. Bioflbcculation, resulting from the prbduction of exocellular polymeric sub- 
stances during the endogenous respiration phase. 

7. Endogenous respiration of microbial cells. 
* 8. Release of CO2 from the active eel] mass. 

9. Lysis, 6r decomposition of dead microbial ceils. , 

Because of the interaction of the' above subprocesses and because more than one of these^ 
processes can 'be altered by some external change (e.g., the intensity of mixing), the exact 
cause-effect relations are frequently obscured. A temperature chajige can affect all the sub- 
processes to some extent. *^ 
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CONVENTIONAL ACTIVATED SLUDGE ^STEM 



The heterogeneou&. nature of the microorganism population, in the activated sludge bio- 
mass-with different metabolic rates and optimum microenvironrifental conditions for the 
different organisms— makes the entire process exceedingly complex. Furthermore, if the 
process is applied to domestic wastewater treatment, the organig and hyd^lic loads on the 
system change continually ; a true steady state is nonexistent in full-scale plants. 



The following factors are essential in the design and use of a coiivention^j|ctivated sludge 
plant (1): ♦ ' , ^ ^ 

1. If thQ wastewater is mixed with a portion of the secondary clarifier sludge, and 
0 aerated for'a period of 6 to 8 hr (based on the average design flow), the rate of 

sludge returned to the < aerator (expressed as a percentage of the average waste- 
crater design flow) is normally about 25 percent, with minimum and maximum 
rates of 15 to 75 percent. 

2. The normal organic loading rate for conventional activated sludge (expressed as 
F/My) should be about 0.4 to 0.6 lb BOD5 /day/lb MLVSS .in the aerator, or 0.2 
to 0.4 lb BOD5 /day/lb MLSS (expressed as F/M). 

3. Volumetric BOD5 loadings are usuaUy 20 ^o 40 lb/day/ 1,000 ft^ of aerator 
volume.(320 to 640 kg/1,000 m3 *d). 

4. The SRT should be sufficient to complete/removal of the organic waste's and to 
enable^the microbial cells to improye in settle^bility. SRT's rang'e between 5 and 
15 days, normally achieving 85 to 95 percent BOD5 removal, with proper opera- 

■ .tion.^,. . . ;. . ' 

5. Initial oxygen demand in the head end of the aeration tank is high, and diminishes 
toward the outlet. This can be matched by tapering the air supply .v 

6. Because of the extreme variations in hydraulic and organic loadings common with 
wastewater from small con^unities, there may be less operational stability than 
in extended aeration units. 
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7.3 Modifications for Small Communities ' . • 

■ ■ . ■ ■ ■ . 

7.3.1 General . . ^ 

■ • " / ■■ " ■ 

• * -fr" - ■ . , ■ ■ . 

The wastewater flow and, organic content from the average small community will vary 

greatly during each 24-hr period, making some activated sludge treatment processes less 

dependable than others. , . . 

■W-. ' / • ■ ^ V i •■ ■ • ' ." 

In a completely mixed system, the entire biomass is subjected to any increase in BOD shock 
loading or toxicitj^^, In a^ plug-flow system, the biomass near the entrance initially receives 
the full impact of an increase in BOD or toxicity. 

The biomass in activated sludge systems will normally have an oxygen uptake rate of 50 to, 
100 mg/l/hr, depending on the c6ncentration of MLVSS. If a sudden increase in BOD5 load 
increases this uptake rate by 10 mg/l/|;ir when the DO level in the aeration basin is 6 mg/1, 
the PO will drop to 0 in 30 minutesfif the DO is maintained at 2 mg/1 , ii will drop to 0 in 
12 miqutes. - * ■ . " 

A study comparing comfjletely mixed and plug flows was made at Freeport, Illinois (3). This 
study was ^prie with full-scale, parallel systems. The report on the study concludes: 

♦ • 

"An inherent difference in the biological environment in completely mixed and plug-flow systems is 
!he uniform substrate composition throughout the completely'mixed system compared with the vari- 
able concentration in the plug-flow Syftem. At the head of the plug-flow system the influent is dis-^ 
persed in only a ^smalfpart c^he tank vojume into which re turri, sludge is added. Not onlj^ is the F/M 
ratio high in the head of the- plug-flow system but the return sludge organisms fate another shock 
^ situation' inasmuch as they are coming from the regfon pF the system in whS^ substrate concentration 
is itot only the lowest but o^^^iffe/ent character.pian that presented by the influent. 




On the basis of the data developed it can be concluded that the completely mixed syster ^^^^^ 
vide for improved treatment during periods of extreme shock loads involving a decreased deVention 
^ time and increased organic load. . ' . ^ 

The (es^ntially) completely mixed activated sludge system^ now commonly used to treat 
wastewater fro|^ small communities are 1) extended >aer^tipn (low loading rate), 2) oxidg- 
'tion ditch (low loading rate), 3) coriUct stafeilizatiori (high loading rate), and 4) completely 
mixeid (high llfediijg rate). ^ ' ' t 

Information in this chapter is c^fmed^o design'.of activated sludge aeration and clarifier 
units Yon small communities, the general chjaracteristres distiijguishing p^in^nt activated 
sludge pstems are sumigarize^n sec|ipns 73.2 throu V ,| , 

7.3.2 ^Exterid^d Aeration Sy^em : ' • ' * | 

This system (illustrated on Figure 7-2) pperateSin the endogeihous respiration phase of the 
bacterial growth^ycle^which occurs when* the BOD loading is so low that organisms are 
starved and undergo partial %utp^oxidation. The goading (F/My) is the low rate r^nge. 
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about 0.05 to 0.1 5 Ib^f BOD/lb of MLVSS/day. Because of the oxidation qf more volatile 
solids during the long ^dge retention time, the waste sludge production is relatively low. 
The MLSS ranges from 3;000 to 5,000 mgVl. 'The hydraulic retention time in the aeration 
basin is about 24 hr. In col^climates ^at such long retention times, the tem'^eratufe of the 
liquid can drop to below 40''V (5° C), with a resultant slowing down of bacterial activity. It 
is customary topmit the primary clarifier in these systems, to simplify and. reduce the waste 
sludge handling arrangements. \ \ • ' v 

' 7.3.3 Oxidation Ditches * 

This system (Ulustrated .in Figure 7-3) was originally developed^ in the Netherlands for the 
extended aeration process in small towns. It consists of a continuous channel, usually in the 
form of an oval "racetrack or ring; with an aeration rot(^r or rotors,>^e^olving on a hori- 
zontal shaft, vvhich supt)ly oxygen by intense sWface a^tation and also impart motion to 
the Hquid around the channel (4). There are over 100 installationsf. in the United States, 
many in the northern part of the country. They are considered to be a low rate system with 
a completely mixed flow. \^ * 

Fo^ an oxidation ditch to function satisfactorily, the velocity gradients and t)0's in all parts^ 
of^the ditch should be rel^itively constant Horizontal aerators ten/ to create more turbu- 
lence at the surface than near the bottoin. In rectangular (mor/so than in trapezoidal) 
channels, means must be employed to prevent eddies and sludge settling" next to the 
inner wall immediately after a 180° bend. Using turning vanes/on the bends or placing the 
horizontal aerators immediately after the bend can prevent theXsettling. To maintain a rela- 
tively uniform DO, the velocity in the channels should insure that the travel time between 
aerators is no more than 3 to 4 minutes. 

The primary clarifier is usually omitted in these installations; the wastewater is only screened 
and degritted before aeration. The MLSS in the ditch is usually about 3,000 to 5,000 mg/l; 
and the hydraulic retention time is about 24 hr for domestic wastewater. A final clarifier 
follows the ditch, with the sludge recycled to a point ahead; of the aerating rotor, where the 
raw wastewater also enters. ' - V - 

A. systenv^s^ simla^vfo the oxidation ditch has been recently introduced in the 

Uirifed Sfatesfro^K^^ the "orbal%stem," it consists of several inter- 

connected cham^^lsilf a 1^ arrangement. Aeration and liquid movement along the 

o^bal^tera^andels are obtained by perforated vertical disks, submerged for about 40 

• ■ ' ■, ' • 

Anothg alternative oxidati9n ditch system from the Netheriahds is the Carousel system, 
showri^ Figure 7-4. The volumetric loading of the aeration units in these systems is about 
30 lb BOD5 per 1,000 ft^ (480 kg/1,000 m^). A vertical shaft, surface-type mechanical 
,aerato^ is employed for "aeration and to impart a spiral flow through the channels. "The, 
depth of the channel should'be greater than the diameter of the aerator up to about 9 to 10 
ft. Abfiut 0.6 lb/day (0.27 kg/day) of dry solids are produced per lb of BOD5 removed. 
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7.3.4 Conjact Stabilization System 



, This sj/slem is adapted to wastewaters that have an appreciable amount of BOD in the form 
of suspended'''and coll®idal soljtdsl* The highly, adsorptive properties of activated sludge are 
used to physicaljy adsorb: the. suspended and colloidal solids upon the activated sludge in a 
short, contact period. (T'he#flowi diagram is shown in Figu|ie 7-5.) Primary settling may bei> 
omitted',, but. an equaliiatjpn li^it*q^|^^e,htcessar^ ratio'of 
jpeak.to minimum flow is gre^efr thap^abput 3: 1' or 4':l,'as is expected from :smaIIer con[i- " 
munities!:TheQ-aw. waste water is (^Qntabfed with aerated kludge in a' contact basin and com-- 
pletely mixed and aerated. Suipfended, colloidal, arid sbme dissolyed bi-ganiGS a^^ adsorbed 
oh. the activated;slydge,-'in^an average hydrauUc/reterition-tinie of. 2(7; to 40 rninutes. The 
sludge is then .settled, and returned to a st.abilizati'bn (rea^ration) basm^ 
of *4 to 8 hr, based on the sludge flow. jFor very siipll x)f^^p^^^^ 
in the stabilization ""baslj has been increased to 24 hr . with good re^ 
orgajiics tindergp oxidation ^nd a^e synthesized into microbial cells in the stafifilization basin. 
This process can' handle sh*bck organic a^id/toxic loads better than ^;an a can pro- 
ciess, bpcause of': the buffering. capacity of the. sludge xeaeratipn.tauiki which is isolate from v 
the m'ainstream of flow. ; '''l / '■ c^..- 
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in volume (contact phis stabilization Jpffsins) i only 'aboutp| 



rHn the^conventional system (S) (6); Tljjf total biom^^^^^^ the 
the*!yILSS in the contact and stabil: 
.zation basin is three to five times'thei 



?SS 



tion basihV THfe Mj^S ^ 
cOncentraUort in^fe ^ 



xed System* 




mixed system, as in Ibw-rate 
^basin are essentially hdmbgei 
'the aeration taijk. This coriditlp' 
symmetrical (sqt^^r circular) basi|i with a single 
tioB^^ raw w5^e water and return " sludge ente^ 
aeraTOT)' wher^ tlj^ are quickly dispersed throifgiioiJ 
mechanical aeratoris or 'diffused air, th6 incom;'^ 
Llong one^^ide of the basin and the mixed 113 
sh^n in Figqre 7-6. ^ 



All parts of the* basin receive the same organiQ|pk(^, and all iorganisrns; are fed uriiformly; 
penTiittirig Higher loadings, resulting in a more|^tabIe^ystemi. and allowing shock 
loads to be handled without as detrimei^ an effect ori.miicpbrganisms as thatoccumn^ 
.plug, flow systems (7) (8). However, high-rate completely n:|ixed system- with p/M^^ 
above 0.75 to^l .O is slightly less efficie^hat the three systems described in sections 7.3.2, 
7.3.3, ami 7.3.4. ' 
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7.3.6 Pure Oxygen Systems • ^ . 

Since 1969, pilot and. full-scale plants studies have been made, using pure oxygen for acti- 
vated sludge systems. The system most extensively studied involves covering and compart- 
mentalizing the aeration basins to obtain a high percentage of oxygen utilization. Turbine 
aerators with compressors for oxygen recycle are used to increase the oxygen dissolution 
efficiency (9) (10). ' • • 

The oxygen must be produced onsite with an oxygen generator or liquid oxygen must be 
purchased and stored in tanks. 

Pure oxygen, activated sludge package plants are available and are used for industrial appli- 
cations; however, they are not yet used to any extent' in small municipalplantS, because of 
the costs and the operation requirements for small units. 

13 ,1 Selection of Specific Modifications of the Activated Sludge Process^, ^ 

Table 7-1 summarizes criteria and characteristics for exten*d aeration; oxidation ditch, 
contact-stabilization, and high-rate complete mix processes. Considerations particularly im- 
portant in selecting a procj^^s^ are: 

1 . The amount of excess sludge is less for slud'ges from exjtended aeration and. oxida- 
tion ditches or for sludge frpm contact-stabilization units with longer detention 
time in tj^e stabilization basins. : - 

2. ' If low-cost, suitable land is available nearby, the oxidation ditch may be the most 

cost-effective system. 

.3. If equalization of flow and loading for following treatment is desirable^it is pos- 
sible to design an extended aeratioh or ^n oxidation ditch for a 15- to 20-percent 
variation in operating deptli, and achieve the needed equalization of both i\o% 
and BOD load within the aeration basin itself. 
' 4. If the peak-to-minimum flow ratio is greater than about 4: 1, it ^yill be difficult to' 
. achieve efficiency using a contact stabilization system, without some prior equal- 
ization of flow. ^ 
5.., Influents with grease and oil .concentrations between 75 and 200 mg/1 require 
grease removal pr^treatment for high-rate completely mixed activated sludge or 
contact stabilization systems but not for extended aeration or oxidation ditch 
' systems. 

6. A completely mixed low-rate extended aeration or oxidation ditch system can 
handle toxic or shock loadings better than can high-rate completely mixedfbr con- 
tact stabilization units. \ 

7. If nitrification to reduce ammonia-nitrogen levels in the effluent to 1 to 3 mg/1 is 
required, the extended aeration or oxidation ditch can be designed to accomplish 

• ' ^ ■ the required removals. - , 



V . .DESIGN OirrERIA OF MpDIFffiDAa^ 

■ Extended .Oxidatioa , Contact ^^.'.'H 

Item. • ' A Aeration • ■ Ditch , Stabilization : . Complete Mix 

F/M„lbB0P5/day/lb'MLVSS 0.05-0.15 0.03410 0.2-0.6 ' .0.;-0.4 

Sludge residence time. days ■ , 20-30 20-30 • 6-12 ' : 6-12 

MLSS,mg/i' • • : , , 3,000-6,000 3,000-5,000^' 1, 000-3,000 ' ;2p^^^ 

(contact uhit/reaeration linit) ; : (4,000-10,000) . ' 

Voiumetric loading, lb BOD/day/l,000ft3 10-25 '10-20. .' 30-40 ■ 40-60 ; ; ■ 

Hydraulic detention, hr . / 18-36 "12-96 03-0.7 , . 2i , , ' 

(contact unit/reaeration unit). ,. (3-6) 

■ ■■ ■ \- ■ . . , .. ;■, \ ^ r ■ , : ' 

Recycle ratio (R) . .; . 0JH5 W.75: , U25-1.0 ' . ,0.25-1.0 : ■ 

SCFM air/lb BOD5 removed/ -3,000^,000 - „ 800-1,200 . : '800-1, 200 ,' 

Lb02/lbBOD5removed/ > , V ' L5-li: V lJ-tS 0.7-I.r . ,' 0.7-1.0 • 




Reduction of NH3 as N; percent ' 90^ ' . 20' \ • ' 20 



Volatile fraction of MLSS , / 0.6-0;7 ; 0.6-0';7 , . 0.6-0.8 /: ^ a^^ 



7.4 Applicable'Design G ; ■ . - ..... — 

7.4.1 Food to Micro-organism Ratio (F/Mv) ' ' . ; 

The riiost important basic d'^sign parameter for activated sludge systems is the organic load- 
ing,' expressed as food-tcii-ra^^ (F/My). Different loadings are used for various' 
systems; the value -^of the rlt^ change, depending on effluent quaUty required. This 
loading also influences the wast#:*kidge produced, mixed liquor settling characteristiGS, and 
the oxygen. requirernehts. U is xepresen ted by the equation: v , 
• ■ ■ ... ' . ■ . ' • ' ' ■ 
fe, . ■ ' V . ; '"j|-=0.133(Q/VXLi,- Le)/MLVSS , 

. where ■■ . ' : 

F/My = 'food to. micro-organism ratio, lb BOD/day/lb MLVSS ^ _ 

' Q = 24-hr design flow, gpd . ^ ; 

V .V = aerator tank volume, ft^ v. ^ " ' 

; Lj = BOD5 in aerator influent, mg/l ^ . * 

. ' ■ . ■ . ' ■ • . ■ ■ ■■ . ■ . ' •" 

Lg = BOD5 in aerator effluent, mg/l 

MLVSS = volatile suspended solids in aerator mixed liquor, mg/l ^ 

\ Before the aeration basin volume can be determiried, the enginei^rrnust select the BOD load- 
ing, or lF/My ra^tio, at which the treatment ijlant will operate for the design flpw. Jhe F/My 
ratio under wliiljph the plant operates will control the final effluent quality (by the settling 
characteristics achieved for the sludge), the degree of organic removal, and the amount of 
waste sludge produced per pound of BOD5 removed. If the F/My value is above 0.75 to 1.0* 
Ib/BODs/day/fb MLVSS, the plant is considered a high-rate system. . 

The soluble BOD5 in the effluent is a function of the F/My. iTie F/My ratio has a moderate 
effect on . the amount of soluble BOD5 in the' effluent .'fot values of 6.2,5 to, 0,5, with the 
BOD5' increasing slightly as the F/My increases. The effect is more pronounced at higher 
F/My values and.is also affected by, the flow regime (plug flow or complete mik) in' the' 
aerator. Effluent SS^rnay be higher at very high or v^y.low^F/My values, because of. the 
poorer .nbccuiating properties of the biomass at ver^ low BOD loadings and at F/My values 
of 1.0 and higher (12*). In well-operated plants, effluent SS'will be. leastfor F/My values in 
the range of 0.25 to 0.50. The priniary reason for designing for a relativejy-low F/My value 
is to minirnize waste, ^udge production, because the disposal of waste activated sludge is 
expensive. For example, for settled wastewater at'an F/M value of 0.25, the excess VSS is 
.about 0.38 lb/lb of BOD5 removed; fpr an F/M value QfU75,.ySS;. is about 0:60 1b/lb'^ 



-B0b5~an increase of 58 percent. Proper ev^ation of F/My requires balancing higher 
capital cost and operating costs for disposing o^j the larger sludge volumes against smaller, 
aeration basins with higher F/Nf values. • . - - 

The BODsjj^f thc^ effluent SS varies with the F/My value. For F/My values: bfflow OcZSrthe 
BODs of tti^ SS is about 50 percent, expressed^in milligrams per liter; as F/M^Valuei exceed 
0.75, the BOD5 increases to 75 or 100 percent of the SS, expressed in milligrams per liter 
(12); 1. .. 



Before the aeration volume can be calculated, the MLSS must be projected on the basis of 
the MLSS that . can normally be carried for anj^ particular activated sludge system and the 
aeration method. Witji diffused-air aeration sysfenis, the rate of oxygen input will usually 
limit the concentration of MLSS that can be carried in the'' aeration basin. With well-Oper- 
ated diffuied-airsi^steilis, the usual range of MLSS for normally loaded plants is. 2,500 to 
4,000 mg/1. The higher values are fortreatment of unsettled domestic wastewater ( 12). 

,.5, With mechanical aerators (including both surface aerators and submerged turbines dispers- 
ing compressed air),- MLSS' values have ]|)een carried satisfactorily in .the range of 3,000 to 
4,500 mg/1 ( 1 2), The solids in extended aeration plants have lower oxygen requirements, be- 
cause of the lowef rate3 of oxygen uptake, during eridogenqus respiration; therefore, higher 

, values' of MLSS *( up to 6,000 mg/1) can be carried (3).' For design of extended aeration tanks 
and oxidation ditches, an MLSS.vahie of 4,00(3 mg/1 is average for-rformal municipal waste- 
Avater In high-rate systems', because of the hig};^. fate; of synthesis ^and the resulting increase 
in conceiitration of volatile solids, the normal MLSS wijl be^ in the range of 1,500 to 3,000 
mg/1., depending on tl^e aeration, method (12). For iesign of completely mixed, tanks and the 

' contact Units of contact stabilization systems, 'af^' MLS$*A^aliie of 2,500 mg/1 is. average for 
normal municipal wastewater.^ The MLVSS isc^bout '75 to, 80 percent of the MLSS for 
settled domestic wastewater and-65 to..70 percent for unsettled, but degritted, wastewater 

(i2).-:..-_^ , ^ . ' . , ■ ■ ., . ' \\ , • ' . . ■ . • 

These values can vary when industrial wastes enter the system'. If'ineii,^^^ 
are present (e,.g., paper fibers froitl a.papermill waste), the amoufd^()|a^^ 
part of the MLSS must be estimated in determining, the ML>^SSi:K^l^^^i^^ be' 
selected to provide good settling characteristics as well as a good F/Af;i^fb|^^^ Section 7.5 
..for additiorial information oh settling.) . . ''^ ^^ yV^:: 

. . ■ • ■ ■ ' ' • . '. . . ■ '• . ■ 

■ The aeration volume can be calculated from t&e following: , /' 

• = ; . V = [0.133(Q)(Li.- Le)]/[(MLVSS)(F/Mv)] 
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^^^riie aeration basin can be square,, rectangular, or circular, . . . . 

In^design of a treatment plant, detenninatiOHf.of the F/My'd^pends on th^ waste sludge pro-^ 
dwced, the MLSS that can b^. parried with any specific aeration system, th^^ 
final ciarifier, and, most imrpbltant^^- how much of a safety factof shduld be incorporated in 
the plant >to aicc&unt for unusual and unexpected.^ could adversely affect 

settling pfthfe. aeration solids^ y \ ■.'■'P ;^ 



Although BOD Idadings fqt aeration basins, have also been expressed as pounds per 1 ,000 ^ 
ft^/day, coniparisons of aeration basin V or process performance should- be based on the 
BbD5 loiading expressed as F/Myl ^ > . v ■ ' 

Retention time is computed from the following equation: r -a • 

[ y t=[0J33(I^-Le)yt(F/Mv)ii!^ ' 

■ ' ' ■ . ' . ' * '■' ' ■ - • . , ■ . . " . . " 

where >',;..' ..;■■» v. • 

t= retention time, day. ' : - " 

" ' 7A2 . Sludge Produftiori; ! 

■ * J . ■ . ■" ■ ■ *" ■ , ■ . . . ■ '. . ^ . • > 

The amount "of excess solids produced :by/ an activated sludge system is equivalent to the 
airiount of nbndegrad^ble siglids entering plus the.net volatile solids synthesized in the treat- 
ment process. The net J^platile solids, are"^^ equal to the synthesized solids^minus those oxi- 
dized by CTidogenpus respiratipn. Fpr^doniestic wastewater, the ndndegfad^ 
plus the net^syjithesized ;§plid^'xan..be calculated from :the following equatiori developed 
from basic biokineticslJlS): --^-^r , 

■/where:- . \ 9- ''■■^a''^ 



= exiess VS^produced^b/da^, 



F ; = BdD5 removed' = 8.34cQ(L; - LgV lb^ , lb/d«y^> 
My = total aerator MLVSS, Ib'^ V. : , 



3,b = constants • ' : ; A ' » - ^ ~ . 

Th^ constants a and b can be obtained empirically or from, analyse^ of similar plants. Fpr^ 
settled domestic wastewate^ a:- = 0.70 ^nd ij^wferO^^ for unsettled wastewater, a = 0:80 to 
1.10 and b = 0.08 (13^ : ' 1^ 

t9 
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The above reladx)n can be transformed^ calculate th«" excess. volatile- ^oliSs prd^ per" 
day.(Mv^)., in terms of pounds per pound of BOP5. removed, by tlhe equations ^: 

This relation is illustrated on Figure 7-7 for bo'th settle.^ and nohsettled wastewater. . .* . . ■ • 

■ ■ ' * ""' : "■" '■' \ 'i'V ..■■"'.•■■■•>',.•■■. 

The total-^cess SS-prpduced (i^ ppunds per day) can be calculated by; dividing the value of 
. Mv;^- by the ratib of MLYSS to MLSS. Thus, if this ratio is<0.75, the totil excess .SS produced - • ' ■ 



is: • 



To calcuiate^^ixet amount of excess SS, produced by the sys^ th^^nioiint of SS passing: . . = . ■ 
.oyer the wfeirVfjrom the final drarifier with; the efflu^t should be! subtracted. froirr the 
t4ty- 6f SS' in. th^.;^larifier underflow. .For Yo^ values 6'f F/M/the;se'effluent solids can :be 
relatively substaritial .anioun't.- Thus, for setiled domestic wastewater, if the final- effkient SS'- "* ■ 
:ConQentration is 2S'^rag/l,.. about 10-25,.the s(>lifs carried^ out ^^^^^^^^ ' \ 

. . effluent will be equal to about 35. percent of the > : .. . . ■ 

\- ■ V/-".' v.---;^'''-'-.' ^ ■■' ■■i 

■ 7.4.3 ': Sludge Reterition Time . ^ ^ ' - ' V .^ . f : • . . : . 

■ ■ .Sludge retention time i^-a useful parameter, beeayse it jjidicates l^e time the solids remkin in : 
jT^tlie' sys^m. Because the amount pf solids in. the final clarifier 6 r, 
f>ldependl oh jhe depth of sludge blanket kept, the solids in. the clarifier af^ot'used in cal- • 
j^. culating .the .reten'tion time of the solids in the system. The sludge retention time is humeri- ;. 
i-'-calJy ecjuai to;. / , :. .; ., ''::,:']'.' M^-:-' : ^i'.''"- '"f^ 

. where . ■ ■ . " " ■■ '■ ■ ■, ' . " ]' .',' '*" 

M= total aerator MLSS, lb3i y''':"/ . ■ " ' . r • .'• ' 
' Ms =*excess SS produced, lb/day\.^'. -v ■ "V . ;'/ *• . 



, Sludge retention tijne can also be. calculated Trpmi : ' . 

SRT = M^/M^ =^ 1 /(aCF/M^) -^M^ 
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lb BODg REMOVED/doy/lb MLVSS IN AERATOR 



FIGURE 7-7 



SLDDGE PRODUCTION IN ACTIVATED SLUDGE SYSTEMSTREATING DOMKTIC WA^^ 
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"Sludge ageV*is thdttftrm frequently used to indicate sludge retention time; however, a som^-. 
what different definition than is given above for*»sludge retention tim*^ ha& sometimes been 
implied. In olderMiterature and textbooks, sludge age is often based on, the MLSS in the 
aeration basil} and the'SS entering the^basin with' tha^ wastewater ' 

7.4.4 'Sludge Recirculation 1?'' • 

The recirculation- rate required to maintam the desired conftntration' of^MLSS in the aera- 
tion basin can be calculatgd on the basis of mass balances: ^/ ' ,^ 

• Qr = QSs/(C3-Ss) = RQ ' - 

■ • . ■ 

where • ■ ' * ' * ' # 



Qr.= recycle flow, gpd » 



•Q = influent flow, gpd* 



Sg = MLSS entering final clarifier, mg/1 . . 

~ ~ 7Cs = concentration of settled solids (sludg^ in fihal clap^er, mg/1 v 

'/ R = recycle ratio = SJ(C^ - Sg) |^ ' ^ 

It is advantageous to concentrate the mixed liquor solids from the aeration basin as much as 
is practical, to reduce the recycle pumping. Recycle pumping capacity should be at least 
- equal to^l 00 percent of Q, ill the MLSS do not settle well and'the Cg is no more#an about 
twice the value of Sg, * , • 

Frequently, plant pperators use the sludge volume index (SVI) determined by the procedure 
' given in Standard Methods ( 14) as a basis for adjusting the recirculation rate (R). The SVI is 
Ihe ratio of the percentage solids settled by volume after 30 minutes of settling to the per- 
» centage-suspended solids by weight in the unsettled aerated liquor. The value of R selected 
* will depend^ on t}ie settfeabihty of the sludge. A pooriy settling sludge -one that has a rela- 
tively high ijidex-will require a higHer recycle rate, to maintain the necessary MLSS. For 
con'centratioiris^ ot MLSS iil the range of 1,500 to 5,000 mg/l, an SVI below 100 indicates 
a*^Wfell-seUlitTg sludge. As is^discussed in section 7.5, the settling rate is considerably affected 
by th^:^tual value of MLSS^for exampl^, it decreases for higher concentrations. ^ 

Sludges with SVl's above abouTz&Q^ generally called ''bulking" sludges,:are one of the prin- 
cipal causes of poor plant performance. However, because the SVI is not a basid'parameter, 
its value js not necessarily indicative of a bulking sludge. Thus, if the MLSS is 1,000 mg/l 
and the sludge settles to 25 percent of its original volume in 30 minutes, the SVI equals 250. 
In this exahiple, the sludge is not bulking. Bu^ki^^g sludges. may cause a high loss of solids 
with the effluent from the clarifier. Causes of bulking and possible remedies are discussed in 
section 6. 5. * . ^ * . . ' 
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7.5 Oxygen Requirements • V 

The oxygen required for carbonaceouV oxidation in the activated sludge. process can be cal- 
culated from a relation derived from basic biokinetics, with empirical coeffi(;:ients that 
depend on^the*^type of wastewater. The relation is: - ^ ' ^ * 

• - ^ Org ^ [a' (F/Mv) + b'] M^* ' . ' ? ^ ' 

-where. . . v 

Orc ~ carbonaceous oxygen required, lb/day ~ i 

F/Mv = lb BQDs/day/lbMLVSS in aerator ' . ■ ' v l 

a' = constant {about 0.55 for domestic wastewater) ^ 

b = constant (about 0.15 for domest^wastewater) 

Mv i MLVSS in aerator, lb. ^ . ; . 

■ • ■ ' ). ' " . ' , . . . , . . . -. _ . ... . . ... . ^- 

Th^ value of F/My* affects tfte oxygen requirement,' in Jhat the amount needed for 
endogenous respiration becomes relatively hi^if.the BOD5 load is low, and vice versa, as 
shown below: ■ * „ 

Activated Sludge System * F/My Qrc/F . - , . ; 

^ day"l 
^ ^..V High^Rate 1.0. 0.70 

Low Rate 0.1 • L65 

; " . ■- . 

'■ ' . ■ , • ■ . • ' ' ' ^ ^ . ' 

■ ■ .*.■■■«• ■ 

Note that the oxygen required independent on the amounts of influent BOD and MLVSS in 
the aeration basin. Values of a' and^b' from a number of sources are shown in Table, 7-2. If 
iniSustriah wastes are added to the municipal wastes and .the wastewater influent is quite 
septic, or a large'-proportion of residences have garbage grinders, the values in Table 7-2 for 
a' and b' do not apply Depending on the Gompleteness of the oxidation (tl)etamouht of 
synthesis ariti endogenous respiration), the BOD5 may.not truly represent the organic Ad^ 

If nitrification occurs, oxygen must be supplied in addition to the oxygen required fiflte- 
moVal of the carbonaceous BOD. '^^oxidation of ammonia-nitrogen to riitrate req'uires * 
about 4.6 lb of oxygen per poun5i>j^^mmonia-^^^^^ oxidized, which must be added ;to 
that calculated for renioving BOD5. The additional oxygen required for nitrificaticJh can be 
found using the following equation: 

ORN.= a&.4)(Q)(ANti3)/ 1.06 'V 



Orjsj = nitrogenous oxygen required, lb/day 
Q - plant inflow, gpd 
ANH3 = [(influent NH3 -N) ~ (effluent NH3 -N)] , mg/1 

, ■ ^ \. TABLE 7-2-, 

COMMONLY USED VALUES. FOR SYNTHESIS . 
CONSTANT a' AND AUTO-OXIDATION CONSTANT b' 



Method of 



O2 Supply 


a' 




Reference' , 


Oxygen 


0.635 


0.138 


' EPA, Various Plants ( 1 5) 


Air 


0.5 


0.055 


Heukelekian,Orford & Mangelli (16) 


• _ ft 


0.706 : 


0.049 


Bergman arid Borgering '(17) 




0.48 


0.08: 


Eckenfelder & O'Connor ( 1 8) 




0.52 


0.09 


Logan '&Budd (19) 




0..53 , 


0.15 


Quirk (20) ' \ . 


■ 1, 


0.5 


0.1 


. Emde (MLSS = 3,500-10,000 mg/1) (15) 




0.77 - 


:0:075 


Smith (Hyperion Plant) (1 5) ^ 



7.6' riadfication 



li>.\i HJeri^firaMriformation 

The two purposes. seiVed by a final :iarifier are removal of SS from the effluent and thicken- 
ing fcludge to-be returned t6 tie aeration basin. In an^activated sludge system, th6 finaKclari- 
fief must be considered an integral* part of the process and designed accordingly'. Us area 
depends on the settling rate of thft MLSS coming from the aeration basin; its depth depends 
on the thickening characteristics of the sludge in the clarifier. Because activated sludge solids 
form a relatively concentrated suspension, their settling takes place Csee Figure 6-3) under 
conditions of hindered settling. The initial settling velocity (ISVj remains constant until the 
. . particles iri suspension become so concentrated that they-"rest",on each other; the process 
is thea termed thickening. . ^ 

AjThjp ISV is'the parameter that must be used in determining the pemissible hydraulic loading 
on the clarifier. The ISV cannot be accurately det^e^ined in a standard 1,000-ml cylinder. 
For operations in smaller plants, ther 2-liter Mallory type"" cylinder, 5 in. (127 mm) in 
diameter and 6 in. (152 mm) deep^ has produced relatively ,.good results. For design pur- 
poses, however, procedures similar to those developed by Dick and Ewing (21), which in- 

, clu^de gentle sfir^^, are preferred. These procedures use columns with heights more nearly 
that of the sludgfe'depj^i in the clarifier (i.e., 3 to 6 ft- [0.9 to 1.8' m] ),jdiameter of about 
3.5 to 4 in. (89 mm), and tip speeds on the stirrer of about 10 in./min (2 j4 ?nm/min). 
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Primary cla^fiers ar^Miscussed in chapter 6. For additional inform/tion and details on final 
, clarifiers, see chapteg^^^;l,2, and 13 and ihtV.S^E^ Process De/igrLManual for Upgrading 
ExistirigWasiewater%j^^erii Plarits{2)^ \ . \ ' 

The initial settling rate (jf a suspension of solids will depend on^the density and size pf the 
individual particles, th^ concentration ofithe sblids, and the water temperaturyThe density 
of the individual particles'ln the MISS will depend on the type of organisms, which wijil 
vary with the. type of^jrganlc matter. in a wa^e\<fater'a^d the SRT. Also, the amount and^ 
type of inert material entrained in the floe will ha>^ a significant influence. For ©x^rnple, an 
activated sludge develdi^^ from %rtset tied domestic wastewater will have heavier particles 
than that developed from 'Settled wastewater. The relative amount of soluble organic matter 
in a^, wastewater does not necessarily determine the density of the floe particles. Cerf-ain 
types of ,soluble cfi^ganks present in industrial wastewaters can produce very dense biological 
growths. Activated^ludge floe is an ag^omeration of Heterogeneous micro-organisms held to- 

* gether by the bioflocculation caused by e/tracellular polyi^eric products produced by cer- 
tain orglhismal Irf the floe, the in^luble and inert materi^ that was present in the waste-o 

^water is enmeshed. In^g^eral, the floe particle is an amprphous mass without consistent or 
physically ident-iflable properties. , -'-^ • 

*. ^• 

Proper bioflocculatioH in the activated sludge basinis extremely important for the adequate 
, performance and functioning of the treatment process. This type of flocculation is quite 
strong j<even after severe handling of the activated sludge mixed liquor by pumps in the 
sludge recycle step, the floes reform. Agitation in the aeration basin usually results in an 
energy gradient (G) of about 100, higher than normally used for flocculation. With very low 
and very high F/M values, activated »sludge Hoes not i flocculate well. Activated sludge solids 
may become somewhat dispersed, because the flocculation is weak; this dispersal prevents 
proper, clarification. Insertion of a mechanical flocculation step between the aeration basin 
and. the fmal clarifier, ttf assist in agglomerating poorly adhering floc, is beneficial. The 
retention time in such a basin ^leed not be over 10 minutes; the value of G should be below 

■ SO. : 

Figure 7-8 contains a conservative approximation for settling data,, obtained from some 10 
sources reported in thcTiteratUre. The references, listed at the end of this chapter, are keyed 
to' the numbers and symbols shown. These data are for good quality, nonbulking sludges, 
^ corrected to a liquid temperature of 20° C (68° F) with SVI values below 10&. • 

The .BOD5 load (F) in Jjounds per day and the value of MLSS determine the aerarion or 
reactor basin size: Also, the valbe of MLSS determines the ilarifier size, because the settling 
velocity of the solids decreases' as tbe^concentration increases. The initial settling velocity 
for three values of MLSS with ooirespBnding theoretical peak overflow rates are given .be- 
low. Because conditions for settling in secondary clarifiers are not ideal, the theoretical peak 
overflow rate should be reduced by 15 to-30 percent for actual design. 
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^^{■■•■.■■■••■''■^ ' . '\ ■ Theoretical Peak ^''V^":^''- y':^ 



, J' I. : ;vft/fc'; ' \ ■ , ;gpd/ft2 \ 

>/' . : 2^500 . :10.0 • , 1,800 . \ \ :;. • 

■3;50Q ". , ■ ^ ■ %0 iv260- ' '"^,^f?l' 



>y ' . 5,Q0a - ■ 4.2 ' ." ' X.. 7.60 



Because the fijpial tlarifier. is ;eL critical. in the actWed slt^e process,. 
•pratftic^e demands adequate ^zSp cOjnmurtity tre^ent plants^ 

^design Should bib !jaf^d> on pea^^ows. Pai'tial equajizatioii of flow^to re^ ^e^^ . 

-may be ^arrant|d. Because clS^ication sensitive to sit^den dh^ges 

variable fib eerf nnmrKR 4finii1rl nrWr3»/1p tVi^* >\laHf;*»r in fVio rllorif TirAl^^il '^,',^«.nak«i.t-^'*« ^ 



varjable ^eed^^ujnps should piiecVe the b^arifierin the^ant. fyj^^tb^^^ 
solids loj^dipg criteria are given in TaH^^^ ; . ^. / : 

: ^ ■ * ■ ■1^w'?3 ; , ■.r;v:'i..ry ^^^^ 




;^Peak Over- It 




JExtertdgfl Aeiiftion oi'ipxidation 

^i5itch; ; . M , 

Completely Nfi«^ . 
Stabilization^-^ i 

■■ . ^ * ' ■ ' U 

. ^.^Th^eak^pv||na|jrra^^ include^slud^' recycle flow, which 

•; • l|aves tft|^^ihe bottom" -.of clarifrer.' Slffifee settling characteris- . ^ " \ 

ti(SJ at th^owest temperatures to t)0:e'xp^ted shou^ be considered. ^ . 
2 Loadings ai% based '<^n pedc plant inflow plus the slud|e*recycle flow, 

The p^iblj^necfcssity^ reducing loading to jneet subnormal settling 
* > charkteristics shouldjSfe considered / ^ ^ . 

The depth of clarifig!rs r|pst^ be su^icienM^permit^toe cieyelopment of a sjudge blanket, 
especially if it is possible thai sludge^n^^ bulk. The sic^ water depth should be no less than 
10 ft (3 m)foranMLSS'of 2^6oOmg/l; Ms miij^ 1 ft (0.3 m) 

per each MLSS increase of * 1,000(3^/1, to ^14 ft (4.2' ih) for an MLSS of 6,000 mg/1 (28). 
The dept^ of interface between clarified^astew^ter and the tiDp'of the sludge blanket 
should be. designed to lie no j^ss than, about. 4«t6 5 ft (1.2 to 1.5 m) below the effluent 
weirs; the sludge blanket should be np^thfqker than 3 to 4 ft (0,9 to 1.2 m) during normal 
operation. * ' 



..The final clarifier in an activated sludge system cannot be used effectively to. obtain sludge 
as thick as is desired for the sludge to be wasted. The solids in the clarifier ate part of the 
process and must be kept in proper condition fo^ use in the aeration basin, to treat the in- 
cpminlg wastewater. Because of the t)xygen uptake rate of the activated solids (from 2^ to 
100' mg/l/hr), any dissolved oxygen 'in the liquid from the aeration basin will usually dis- 
appear rapidly in the clarifier (generally, in 5 to 10 minutes). Therefore, when the solids 
subside in the clarifier, they are out of contact^with any dissolved oxygen for a prolonged 
period-as long as 1 to 3 hr. This environment i^ not a desirable'one for aerobic organisms*; 
."^ therefore, an effort should be made to recycle them as quickly as possible to the aeration 
basin. * ^ . ' 

Furthermore, if such solids remain under-zero oxyjgen cojiditions for over 30 minutes, de- 
pending on the liquid temperature, anaerobic conditions will develop with resultant release 
of methane, carbon dioxide and other gases, and flotation of the-solids. If nitrates have been 
'formed because of nitrification in the' aeration basin, the facultative organisms will break 
down the nitrates and release nitrogen gas, with resultant buqying of the solids. A. high 
degree of thickening should not be attempted, to move the solids rapidly through the clari-. 
fier. The solids that settle to the basin bottom should not be allowed to remain there for 
more than 30 minutes. • 

To insure proper handling of the activated-solids i'n^he clarifier, a rapid sludge removal, 
system is recornmended for use with the scraper mechanisnj, by placing severa^l suction 
drawoff ^pipes along the scraper arms, so that the settled sojids can be -drawiii off over the 
— - entire barfn area^without being moved-to a central sump. Equipment of this type. is available 
as standard design rtiechahisms. Desirable operational features in suction-type mechanisms 
include, independent flow controls for each -drawoff and visible- outflows. An alternative to 
suction drawoff pipes is placement of a radial channel from the sludge well, into which the 
. sludge is scr,aped on each rotation and then. removed to the sludge well by a screw conVeyfer 
J in the bottom of the channel. Waste sludge is^usually drawn from the central sump^ to which 
any heavy grit or sand- that may have entered, the basin is moved^y the scrapers (or screw 
. conveyors). . * . ^ , , - , 

'The, velocity of any part of the collecting device through the water, particularly "near the 
sludge blanket, must be restricted sufficjipntly, to prevent interference with solids ag^opjera-; 
tion and settling. The excess activated sludge to be wasted w^ll not normally be thi(^'e1fed in^ 
the final clarifier to the degree required for futther processing. Sludge will leave ^etlariher 
with ai)out 0,5- to 2.0-percent dry solids j depending on r the concentration^ of tne aeration 
basin 'solids and whether the wastewater treated in the activate'msludge process has received 
primary settling. The volume will be about 1 to 2 percent of.^iraw wastewater flow. \^ste 
activated sludge may be further thickened to about 4- to 5-percent solids (see chapter 14), 
if desired. ? ' \ 

An activated sjudge can have poor settling characteristics, because of 1) poor bi^occula- 
tion, 2) excessive bound ;;^v^ater, 3) small gas bubole entrainment in the flcfc, 4) growth of 
types of bacteria or fungi (filamentous organisnis) that have a large sjSpice are^ compared to 
their mas% or 5) excessive' amounts of hexane soluble oils and greasesr-. ^ 



7.6.2 Poor Br^oC^ul^^ . 5 

Too low or too high an F/My. ratio,'toxicants in the wastewater, a lack of essential nutrients, 
or some unknown reason may cause carryover of solids in the effluent. The flocculatiori of 
the solids from the aeration basin can sometimes be aided:,b^^'s|ow-speed mechanical floc- 
culatoj ahead o/, or integral with, the clarifier. If iridustriifJ'Vva^ axe present in varying 
^ amounts in domestic wastewater, such mechanical flocculation equipment has sometimes 
- been used, to counteract any effects of poor bioflocculation. The addition of a coagulant,r 
such as alum, niay be veryyfielpful/ 

7.6.3 Bound Wat/r . . ' . - . . ' 

Bound , water occurs if the 'bacterial' cells composing the floe swell, because of Injdition of 
. water, until their density approaches that of the water (2) (31). - ' ' . ' " ' 

■■' . ' . . ■ ■ . . . . / . ■ _ •, 

7.6.4 , Gas Bubble Entrainment , . '{.-- 

Poor settling is frequently said to.be caused by "overaeration." Usually, this^erm indicates. 

' conditions of high dissolved oxygen in the aeration basin. Bacteriologists have shown that 
vMues M P_0 ajDove^ For values of liquid 

DO above about 2 mgfl, the limit to bacterial growth is the transfer of food to the cell sur- 
fices or the inherent maximum growth rate of the organism. Therefore, high DO is neither 
deleterious nor beneficial. However, other conditions associated with obtainii^g a high DO 
may cause poor settling. The excessive agitation accompanying high aeratipn may degrade 
bioflocculation; it may also cause fine bubbles of ai'r (rnost likely nitrogen, with which the 

/ liquid is saturated) to afther^ to the floe, keeping it from separating out, thus retarding the 
settling rate or even cau^jjji flotation: - . v 

. ' 7.6:5^ Bulking , ^ . ' ' 

Sludge bulking is general^used to describe MLSS that settle very poorly in the final clari- 
. fier. However, it should .(gnly be. used describe* aeration basin solids that are light^and 
voluminous and that, under, a microscope, show' a heavy growth of filamentous organisms 

t (either bacteria/tir fungi). The term should not be used to describe solids that do liot settli^,, 
^ell because of poor biofiocculation. Although filamentous organisms are always present 
. the heterogeneous population of organisms in the activated sludge, they "are not a dominant - 
sp|cies unless Ihe environment is particularly favorable, to thiir growth or unfavorab'le'to 
normal spherical organisms. 

■■ ■■ . • . " ' 

f^r small plants, the SVI is^_a good guide for the operator's use in determining the rate of 
.^liftfge return required, and .when sludge must be wasted to lower the MLSS., After i^itify- 
ing a^ulkihg condition with the SVI lest, a microscopic examinajjion of 'the mixed liquor 
can b.| made, to identify the organisms (if they are the cause of the' bulking). Bulking, will 
. ofteu^jbe caused by filamentous organisms. Filamentous bacteria found include Sphderotilus 
■^ fifa^ Bacillus cereus var. ntycoides, Thiothrixsupp . and Beggiatoasupp. (32) Occasionally, 
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,;?llfelOD FOR SOLVING A Burf^ 

1 . . Identify bulking as distinct from inadequate desiJ|poQr operitlon, defloccuiated sludge, 
foam-forming sludge, rising sludge, septitslfijjg!^, e'tjS'."' • \ • , 

Characteristics of bulldng: Sludge settles and le^es a clkr supernatant b , 
• . (>1 50 ml/gm); low solids concentration in return sludge ; arid high sludge blanket in Jjji^ 
' 'final 'settling tank. , • p' , ^fj^. 



2, Identify if filamentous or nonfilamentous 
bulking by microscopic examination of 
mixed liquor and return sludge.;: ' 

Filamentous bulking. 

I' 

3, Determine if filamentous organisms are 
bacteria of fungi.' 

Bacterial filamentous bulking; identify 
organism, if possible. ' ' , ' 

■ i ' , •. ■ :•■ 

4, Look for source of massive inoculum of 
filamentous bacteria in wastewater or 

• process return flows. \ ■ . ' 

Filamentous bacteria growing in activated 
sludge. . 

I ■', 

: 5. Establish theory of treatment : 
a. Kill sludge and start qver. 
^ b. Use bactericide on return sludge. 
■ ' c. Use fiocculant or Weighing agent 
to decrease SVI. ' 
i- ■ '■ 

6. Establish objectives, minimum.time, and 
control procedures fpr course of treatment.' 

" /■ "'-k -. :.. . - - ■ 

7. Carry out coprse of treatment and collect 
data for evaluation of treatment. 

■ I Y , .• ^ ■ . 

8. Evaluate treatmei^tjesults, 

■-. i ■ ■ , • • •■ 
— ^^ Unsuccessful ■•, ; 



'No'nfilainentous bulking 



■Fungal bulfeijjg 



"Massive inoculum of filamentous 
bacteria 



'Unsuccessful 



"Successful 



•Chlorinate return sludge at 5 to 10 ing|L 



■ Look fof industrial waste problem. 



'Use bactericide to eliminate inocfcliim. 

»■ 



Continue as needed. 



filamentous fungi species such as Geo trichum, Candida, , a^^ Trichoderma. have been -iso- 
lated from bulking sludge (32); Other factors ithat imay cause poor settUng include poor 
clarifier design; poor operaton and microbial problems, such as defloccula^ion; septic sludge; 
rising sludge*,^ floating sludge; pinpoint floe; and foam-forming sludge. An organized trial- 
aad-,error approach to solving bulking problems 'is presented in reference (32) and shown in 
Table 7=4. The rate of sludge return should be specifically determined by the concentration 
of . VSS. In the recycled sludge-not. by the SVI. The rates of sludge return required to main- 
tain- an MLSS at 2,000 mg/1 for various;SVI values are shown in Table.7-5 (32). However, 
for the operation of a specific plant, if one or raorei specific values of MLSS are desired, the 
engineer sh^ould develop a table similar to Table 7-5 during plant startup, for operator use, 
because the SVI must be correlated with the correct MLSS. 



TABLE 7-5 



RETURN SLUDGE RATE REOUIRED tO MAINTAIN MLSS AT 2,000 mg/1 
. . * FOR VARIOUS SVI VALVES (32) ' ^ : . , 



SVll 

50 
100 
200 
250 
400 
500 



, Retul-^n Sludge 
Solids; ' ■ 

, mg/r 

' 20,000' 
, 10,000 

5,000 . ■ 
' 4,000 

2,500 

.2,0,00 



Required Return 
. Slu'dge Rate 
% of, influent Rate 



25.0^" 
, 66.7 
lO'O' 
400 
Infinite 



^SVI = (ml settled sludge X l,pOO)/(mg/rSS); 



Detailed information on determining the cause of bulking and the ^se of chemicals4o con- 
trol it is given in reference (32). ' ' .V ' .. .\ 

Although, higb carbohydrate wastes are frequently thought to. cause, filamentous growths, 
this-. cau$e-ef feet relation is not quite valid , because many activated sludge plants treat in- , 
dustrial wastes having sugars, alcohols, and other carbohydrates. The important criterion is 
the carbon (or BOD) to nitrogen' (or phosphorus) ratio.^ because a high rat/^s detrinierital 
to the growth jof organisms that are not filamiiitous. / ^ 

Wastewater.'tlpt^as Telatw^ high sulfides will cai^seHfiA^vi^ a special filamentous 
type of sulfur^bacteria. If this process occurs, only chlon^tioTi of tliQ recycled sludge will 
be effective. ^ ' . .. i ' 



Fungus organisms are generally filamentous; a pH below- about 6 favors their growth. This 
condition can occur if high. BOD. loadings produce large amounts of carbon dioxide, which 
may not be effectively removed by aeration. 
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..Becausfe of the relatively large surface-to-volume fatio of filamentous" types, compared to 
more compact organisms, filamentous ''types have an advantage if the DO level is very low , ^ 
(below. 0.5 mg/1) Or the concentration of essential nutrients is low. These organisms" are,*' 
however, aerobic and are destroyed by completely anaerobic conditions. In f^ct, some plant 
operators Have found that . the growth of these organisms can bie controlled, if the sludge is 
subjected to several hours of anae^*bic conditions; for example, a long detention time in a ■ '■■ 
final clarifier. they also be controlled by continuously adding .a toxicant, such .as \ 
chlorine or hydrogen peroxide, to the recycled sludge for s^bout 24 hr, Thp^ chlorine dosage 
should be between 10 and 20 mg/1, or about 0.2 to 1.0 lb,;of, chlorine jper lOO'lb of return* 
sludge SS (2). Because: doses of chlorine above 20 mg/1 mSly cause deflocculatiojfi, the dosage i 
should be determined in the laboratory. Although chlorine is apparently effective against 

. Sphaerotilus. Thiothrix, and Beggiatoa, it is not effective against Bacillus^ cereus. The 
. Jiydrogen peroxide dosage shoxild be about 200 mg/1, based, dh plant infiMentvflpw (2). The \ 
large surface-to-volume ratio of these organisrns makes them more susceptible to such.tox^ -r^' 
: cants than ipore compact organisms. 

1^ Raising the pH to over 8.0* with lirrte to control bulking* lias' a multiple effect, jciusing 
' wdghting of 'the floe, acting sorrtewhat as a ba'ctericide, and causing some additional floc- 

culation, - 

» ■ ' ' " ■ 

\1 , 7,6,^' Hexane Solubles 

Communities with a large number of restaurants and filling stations-such as those in resort 
or tourist areas-may have abnormally high concentrations of greases and pils in their Avaste- ^ 
waters. To prevent interference with sludge settling'(by lowering the density), grease and- oil^ 
in the. conventional activated sludge ;^e,rator tank Jnfluent fciould be less'^than 75omg/l and- 
preferably less than 50 rng/1. The' h'exane solubles loading should be less than-«ibout 0'.15 
Ib/day/lb.MLSS (33). ^ . * - . - \ 

7.7 ■ deration System Design * ■. \ ^■ 

7.7.1 . . General Design Coji^iderations . : ^ - ^. 

After the oxygen requirements Rave been calculated for an .activated slud-ge sys^i^ (or any 
other process requiring aeration), tH|j type and capacity of the aeration sj/stem cai^^be deter-^ : 
mined^ and the cost evaluationa mad^. The three general types of aeration systerh^i^'use for 
the activated sludge process and other unit processes requiriqg^Qxygen'input are^^-^i' ; 

I. Diffused air; ^ * ' ' , " . . • 

a. fine bubble . * * " * . . >: 

b. coarse bubble « ... . ^ 
' 2. Submerged turbine with compressed air spargers. ' / ' • 

• . r 3. Surface-type mechaniq^tentrainment aerators. ^ " :^ ; ' 



.m 



■ - ■ ■ >. * 
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^The first two systems require air compressed .to a bressUff 'Suffieient to overco^me the hydro- 
^ static head above the ai^^nlets/tSi^diffi^ers^ ini._thet'&eration' basin losses in 

' 1) the diffusers or spargers\id 2) the piping, fittings, and, tli6 piping, fittings, and valyes be- 
tvveen^th^ compressor and the aeAtion bksin .The agitatbr^sparger system. has an operational 
advantage over , the diffused air uhit, because /ilthdu^ air may be r^ced durjing low flows, 
the- necessary mixing may be continued by,thi^ action\)f the turbinev The tWrd't^^^ 
tipn. system uses agitators located near the liquid surface wj^ch entjrain air and pump large 
qijiantities of liguid through the aeration'zooe surrounding the surface agitatoV. To^^obtain 
detailed, information 'on the" use and mst*lation of various a'eration systems, see WPCF 
■Manual of Practice 5 {M). " .. • ■ . ' - 

To select the.proper'capacity for any aeration system for the actual conditions at a treat- 
ment plant, it is necess'^ to conside^ the rating of'the aeration-system. To cogipare all the 

• various aeration systems from ati energy requirement standpoint, the method of rating such 
systems on the .basis of o)?ygen injiut per unit time, per unit of applied power (Ib/hr/kW);, 

— should be used. , . • ' . , ■ - 

^ the {)rincipal parameters that dontrol the.rate of oxygen dissolution into wastewater for any 
aeration system are'l) liquid temperature; 2) partial pressure of 'the oxygen characteristics. 

/ of wastewater, compared to clean w^ter; and,3) dissolved oxygen to be maintained in' the 
liquid under desigh conditions.; The first two" parameters are taken into account by the -satu- 
ration level for oxygen, for conditionsjat the trekmentplaht and by temt)erature corrects 
Tl^e effect of the wastewater characteristics miist be estimated fiom published informatibn 
or njeasured in the laboratory. " • 



Aeratioif sjf^stems are rated fqr stand^d conditions defined as 1 ) qlean \yater at- a temper- 
ature oft 20° C (68° F),, 2) mean sea level atmospheriq gressure ( 1 0. 1 S'lcPa), and 3) zero dis- 
solved ollygen in th^e aerated liquid;. Knowing the efficiency of oxygen input rate for 
Standard conditions permits calcuration for actual conditions, using the following: ' 



where' 



..... I 

.■1 



- C \ ' ^ 
'its)(1.024)T-20 



• E - actual pxygep absorption efficiency 



Eq - oxygen absorption efficiency unde^rs^^^ ^ ^ 

, . :N = rate.of oxygeninpurihto wastewater un^Qr actud conditions Ib/hr/kW*"*' * 
> N| = rate of oxygen input under standaJrd copd^^^ Ib/hr^fcW 7 . * / 
' ^^sA^^ saturation Gon<:entratiort.i for cli water unde^ sta^^^ mg/l 




Cg^ r . oxygen saturation concentration for clean, water urider actual c^^ Qfc/l : 

(Cg^ values are given on Figure * \. * ' . . o . , / 

• 6^ = desired. oxygen concentration, mg/i .. . • ' ' '^ V v * • 

/3 = the ratro of saturatforTvklues p^^^ 
■ • .atufe and actua| atinos^eric pressure (approximately 0:95; for domestic W 
. ^water ; ;. • / ' ^- /^^^ v , : 

q = relative, air-water interface dififusion rate, about 0.90 for rnebteriical aeratdrS and ' 
0 about 0.40 for. porous diffusers, for normal domestic wastewater as a)mpar«d to . 
. ; clean water; varies primarily with the effects ofi^ehanging concentratiops^^pf siirr-v 
^ •■.^; V/feice active agents ; ... ■ ■ ^' ■. : ■■■1 - 

• ^ ^ . , .:.T-'temp^ature, ° .jC . ■' 

The ability to diff'tj^e oxygen into waste\yatpr from air bubbles or air-water i;|lBl'f aces, as 
compared to clean water, depends on the various^ soluble and suspended substances in. the : 
^wastewater ahid the method of aeration: Soluble surface active agents, sqch as detergents,; . 
j-^ckn have^a significant effect: * . * ^ : ^ ' 

The relative ability to diffuse oxygen jhrough air-water interfaces is measured by the. factor :• 
a. Although, for fnoVt" wastewaters this is less tjiart^unityi for some wastewaters and ae^^^ 
' methods it can be. greatef than Unity. For ra^ donle^tic wasteiJ^3t«i^ this factor varies from 
_0:35 to 1.50^ depe^ridipl^^^ aeration method (3.6) (37) /foe vVue'to^i^ in^activated ^ 

sludge aeration basins.eqi^^ with mechanical aerators. is -P^giKF systems, 
the value is much less and must be determined for tlTe sp&dfic sy^rnL Qt is usually . about 
0.40 for porous diffusers.) The number 1.024, raised to' the^^ov^pl Pleasures, the 

• relative effect of . UqUid .temperatuirQ on the moIecularVdiffusien^Sf^m^^ is: 
..the dissolvd^ oxyge»-^'concepU required under steady-state ccLiditions.Jln/actiya 

sludge aeration ba?iris, .it is Usually 2 mg/l.- ' \ - / \. 'j' ' ' ; 

In^ the above relation for relative oxygen input, A temperature affi^ets the oj^ygen 

input rate or efficiency in two ways thalt almost^jStn each other. Thus,, the values of E/fiQ 

, or-N/No; Uquid tenjperatures of 10° C (SlO° F) and 3p°;||t^ F) are only different by 
about 5 percent— the lower value being at the higher tempexi^^^ is, the liquid 'terp-. 

. perature itself does not .have a great influence on the. oxygen^ ii||)ut ra^^^^^ effi- 
ciency.- ■ ■■. ,■ : _ . ■ ' * ■ A ' ■ ■■ ^v^i^i ' 

7.7.2 Diffused Air Systems / . / ; • * ' . ' f ^ " ' ■ • 

Diffusers commonly used in activated sludge systems ineliide l>p(^^ iri the; 



vt)asin bottom, 2) porous ceramic domes or tub^ connected to a pg)i^header and lateral - 

system, 3) tubes covered wit^ synthetic fabrit or wound' filaments, ^nd 4) specially d^^^^ 
r spargers:^ with, multiple ppenings. Because, clogging of porouk diffusers Iby; precjipatatidn^of 




solids on the^^rior, by organic growths, and by dirt carried in with the compressed. air has 
been a j^oblem, regular cleaning is vnecessary-ralt hough the time interval depends on the 
composition of the wastewater and the size 'of the openings in the diffusers. 
y ■■ ■ ' ■ . ■ ■ ; ' ' ■ '. . 

The mixing equipment for deration or oxygen dissolution must be sized to keep the solids 
in uhiform suspension at all times. Depending on basin shape and depth, 4/000 mg/1 of 
MLSS.require about 0.75 to 1 .0 hp/ 1 ,000 ft? (0.02 to 0.03 kW/m^ ) of basin volume to pre^ 
vent settling, if mechanical aerators are employed; 30 cfm of air per 1,000 fti (1.8 stfl m^/ 
h-m^) are needed, if a diffused air system is used. Usually, ^e power required to supply the 
oxygen will equal or exceed these values, particularly if oxygen is to be supplied for nitrifi- 
cation. Values of MLSS W^her than 4,000, pig/l would require higher power inputs fpr nji)c- 
ing. Power values will also vary with the type of solids produced from different wastewaters. 

Oxygen absorption efficiency varies from 4 to 12 percent, under standard p6nditions (Eq) 
for diffusers and spargers in domestic wastewater activated sludge aeration^ basins. The varia- 
tion depends onXopening (bubble) size and the general design and arrai^ement in the basin 
(38)., The higher efficiency is obtained with diffusers producing^ fine^bubbles. If the value of 
Eq is 8 percent, tne actual efficiency, E, for s6a level c?onditibns,'^if maintaining 2 mg/1 of 
dissolved oxygen in the aeration basin and treating domesitic wa^ewater,'will be about 5 per\ 
cent. • \ •• , • ■ . , ■ ■ ,/ 

0.04 00 ' 

\ ' ' 

where 

= air required, scfm V 
Or = oxygen required, lb /^^y ■ ' . 

' E = oxygen abspjrption efficiency (as a ratio) under actual conditions' ^ 

■ .■ ■ ■ ■ • V ^ ' « ^ ■ • 

The power required to compress the air at standard conditions will depend on the sub- 
mergence of th^ diffusers or' ^argelrs^nd the pressure losses in the air pipings It can be cal- 
culat(^d from: 



p^0J68Qa 
* e 



where / 

•• . ■ ■ • . • • 

P = power required to compress air, kW 

Qj = air requited, scfm . 

e = compressor efficiency, usually 0.60 to 0.85 

: p = compressor Outlet pressure, Ib/sq in. 
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The following relation can be used to calculate the pounds of oxygen that can be di^blved, . 
pier hour per horsepower iilijput to a compressor: 




+ 14.7 V 0.283 1 



1/ •■ ;, 



N = ^.23(EXey 

where . - \ • - 

N = oxygen that can be dissolved, Ib/hr/kW * . / 

/ . E = 'Oxygen absorption efficiency (as a ratio) iiricler actual coiiditibns 
e = compressor emciency (as a ratio) " \ . ; / * . • 

p = compressor outlet pressure, Ib/sq in. / 



For example, using E = 0.05, e == 0.70; and the compressor outlet pressure as 7,5 psi, /the 
valu^'of N would be 1.74 Ib/hr/kW (0.79 kg/kW-h). ^ ' Y 

The oxygen absorption efficiency of diffusers of all types is significantly affejitfed^by sur- ; 
face-active agents (such as detergents) in wastewater. Long butble retentidri-times in the 
/ liquid allow the surface-active agent to accumulate in the bubble-water interface and present ^; 
a barrier to rapid fransfer of oxygen from the bubble to the liqyid. It has been shown that a; 
^typical domestic wastewater detergent concentration can cause a reduction in oxygen 
absorption efficiency of 40 to 60 percent of that obtained in qlean water for porous dif- 
fusers (31) (39) (40). Oxygen transfer efficiencies of various aeration systems are shown in 
Table ,7-6. Because manufacturers rate the oxygen absorption efficiency of their equipment 
using clean water, it i&^mportant to afccount for the possible effects on oxygen absorptioh^^|' 
of surface-active agents in design calculations. r V 

Qxygen transfer efficiency in wastewater, using mechanical aerators, is higher than in clean 
water. The turbulence and rapid restructuring of interface surfaces apparently preVeht any 

accumulation of surface-active agents in the air-liquid interfaces; ■ J ' 

- ' '. . . . . • . i< 

The oxygen absorption efficiency or oxygen input rate per. unit power, for any aeration 
system or device must be corrected for the actual conditions that will occur at the treatment 
plant. Any test data^used for aerator evaluation must be carefully checked;* to insiir^ that 
the tests actually simulated installation conditions and were not made under completely dif- 
ferent hydraulic and. geometric conditions. 



7.7.3 Submer^d Turbine Aeration Systems 

Since 1950, the submerged turbine (used widely in the chemical process industry) has com6 
into use for activated isludge aeration (41). It has been used primarily in industrial waste 
activated sludge .treatment plants and is considered the desired aeration system for very deep 
basins, for activated sludges having high bj^ygen uptake rates; and for high concentrations of 
MLSS, as in aerobic digesters. ' : / 



TABLE 7-6 •• ; 
^ OXYGEN TRANSFER CAPABILITIES OF VARIOUS AERATION SYSTEMS (2) 



. Type of Aeration System 
• ~- ' \ — 

t)iffused Air, Fine Bubble 
Diffused Air, Coarse Bubbly ' 
Mechani(;al Surface Aeration, 
. Vertical Shaft .' ' 
Agitator Sparger System A i 



Standard 
Transfer ; 
Rate^ 

lb02/hp-hr 

2:5 
i.5 

V3.2 
2.1 



Effective 
Tpansfer 
Rate2 

lb 02/hp-hr 

i.4 
, 0.9 

1.8 
1.2 



^Transfer rate at standard conditions, i.e., tap water, 20° C, 760-mm baro- 
metric pressure, and initial =? 6 ntg/1. 
^Transfer rate at following specificQey eonditions: 

; a = 0.85 / 
■ 13 = 0.9 • 

T = 15° CC-g-a" F) . 
' Altitude' ='500 ft (152 m) 

^Operating TXQ = 2 mg/1 for air aeration, 6 mg/1 for oxygenation 



The system consists bt aTadialrflow turbine located below the mid-depth' of the basin. Com- 
pressed air is supplied to the turbine through a sparger (see Fi_gure 7-1 0). The total power re- 
quired for this system is equal to the sum of the air compressor power and. that needed to. 
drive the turbine. The oxygen absorption affidency depends on the relative air loading of 
the turbine and its .peripheral velocity/ 

Studies have shown that, for optimuin power consumption, the power should be about 
equally divided between that for me air compressor and that for the turbine (41).l Under 
standard conditions, the oxygen apsorption efficiency for minimum power will be in the 
range of 15 to 25 percent-20 .p*erient is a reasonable value. Thus, for most conditions, the 
required air volume will be less man one-half that for an air diffusioji- system. The com- 
'pressor pressure will be less, b(^caus^ the turbine is usually located several feet above the 
basin bottom and the air sparger lias insignificant head loss: A convenient and relatively eco- 
nomical method for upgrading overloaded activated sludge plants is afforded, because by 
installing turbines in the existing /aeration basins the oxygen input can be doubled (42). • 

The peripheral speed of the turbines, for least total. power consumption, .is 10 to 1 Sift/sec 
(3 to 4.5 m/s). For standard conditions, the oxygen input averages 3.4 to 4.0 Ib/hp-hr (2.0 
to 2.4 kg/kWh). Generally, the/ power usage for a given oxygen input will be 30 to 40 per- 
cent le^ than for air diffusion ^stems (43). * / 
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7.7,4 Surface-Type Aerators 



The most recdit improvemehVin aerktion equipment for activated sludge' systems is in the 
sur^ce entrainment aerator. (A':gen6ral desi^ is slipwn in Figure 7-11). These t'urlbine-typ^ 
units^entraul atmospheric air hy^ producing ^'region of intense turbulence at the surfacel . 
around their periphery. Tljey are^signed (if operated at a'pferipheril velocity of about 15 
to 20 ft/sec [4v5 to 6 m/s] ) to puitip'i^rge^qua^^ of liquid, Hhus dispersing the entrainedj 
" air and agitating and mixing the *ba§in contents. These aera'tors are the most efficient, from *a 
•power consumption standpoint, because they will provide 2,8 to 3.5 Ib/hp-hr (1,7 to^2.ll 
kg/kWh) of oxygen under, standard conditions. ^ . " I 

To attain optimum flexibility of oxygen;;input, the surface aerator caii l?e combined with 
-ihe submerged turbine aerator. Severat niWifacturers supply such equipment, with bfbth' 
aerators moJLinted on the same vertical shaft. Suph an arrangement might, be. ad>)Witageous/if 
space limitations req^uire the use of deep aera^n basins. 

7 .is Mix^ig 'Requirements • \ . 

In addition to supplying the necessary pxygen, any aeration or oxygenation, system must 
provide the' necessary mixing and agitation of the aeration basin contents." This mixing re- 
quirement Is usually expressed as the' power needed per unit^basin volume. For diffuser 
. systems, .this power requirement can be*^ converted to an air requirement,-. which will amount 
/to^about 20 to 30 scfm of aixper hour, per 1,0Q0 ft^Xli to 1.8 std ifi'^/h^m^) of (basin 
volume. For aeration basins preceded by primary settling of domestic wastewater, the /power 
needed, if Using surface turbines whose peripheral velocity is .15 to 20 ft/s (4.5 to 6 m/s), is 
about 1/2 to 2/3 hp/1,000 ft^ (Q.013 to 0.018 kW/m^); Without primary settlings the 
power needed to prevent settling out of >y^stewater solids is 3/4 to. 1 hp/ 1,000 ft^ (0.020 to 
0.026 kW/m^). For submerged turbines, as described in section 7.6.3, the turbine power 
should be about half the above figures, to insure proper mixing. Power input is not a suffi- 
cient criterion for keeping solids in suspension; manufacturers of such equipment should ' 
guarantee that their units will keep the MLSS at- all points within plus or minus 10 percent 
of the average. . - 

Another type of surface aerator i$ the Kessener "brush,*' which is commonly used in oxida- 
tion ditch<. systems. This aerator/ has a" horizontal shaft sp.annin|^the basin, to which are 
attached radial prongs with some transverse members that impart, when rotating, intense, 
agitation bf the liquid at the surface and also induce a *flow in the ditch of about j ft/sec 
(0.3 m/s) which keeps the activated sludge solids in suspension. 

7.8 ' Nitrification , ' ' ~ . 

Nitrification (biological oxidation of ammonia to nitrates) is accomplished by a special, 
group of aerobic organisms called nitrifiefs. In the presence of Oxygen, an inorganic. source, 
of carbon (carbon dioxide, carbonates, and- bicarbonates), and ammonia, the bacteria. 
Nitrosomonas y/ill catalyze inorganic chemical reactions, producing nitrates. In turn, a 
.second species of bacteria, TViVro^flC/er, produces nitrates from the nitrites. These autotrophic 

■ ' - . ' \ : , 7-3,6 ■ '• * , • 



• ' . FiGljRE;7-ir' ' ' . , . 

- ' ^ ' , MECHANICAL SURFACE AERATOR ' ^ ' , . - 

nitrifiers have a lower rate of population growth than the heterotrophic aerobes^ which 
oxi^i^e carbonace.ouS material— abi6ut^ 1: to 2 percent' •of the^ coli growtb rate (12). THe- 
^iiitnfiiers are also temperature aricl pH tensitive, with little/ resistance, tb organic|and i^^ 
giiic toxicants. - ' - - ; • ' i ''■ ? 

• . .\ ' ■ ■ : ■ [ ' y: r X:-. ' 

An environment th«c will -^naintain^a stable, healthy population of /litrifiers will satisfac- 
torily, reduce, ammonia, .content for' effluents-requiring low afiiirioni'a. This envifonment caiv - 
be accomplished in activated sludge uijits and m 'tricklingiiltei^ and rotating biological con- 
tactors. Aerated facultative ponds with adequ^^ecifculation and retention tirtie can also| 
maintain a healthy population of nitrifiers. V . ' ' ..\ 

. Because 6f their slow reproduction rate, the nitrifiers must b6 retained in- adequate numbers 
in the nitrification unit for a r&htively lohg penod.' Tfe reflukement means'" of 
sludge or nitrifying unit effluent containing ^ sufficient concentratic/ii of the nitrifiers. to the 
influent of , the nitrifying unit. " « "^^'"^ > • v 

':' ■ • • ^ ■ . •'; 2 ••'^ - 

■ . k . ■ ' . . 

\ * ■ . '. '■> 

The pptimum growth- i^ate of nitrifiers t)ccurs at a teftiperature of abojut 30° C. and a pH of 
about 7.2 to 8.5, although som^ studies indicate that nitrifiers may become acclimated to a 
lower pH and ^reproduce at near the maximum rate (12). In activated sludge Tiftrification, 
^ the F/M is about 0.D5 to 0.15 day" V. The SRT should be p'eater (by a safety factor of about 
1.8 to 2.Q3P than the reciprocal of t>ie Nitrospmonas'. growth rate constant, to allqw for the 
upsets to nitrifier growth \^ch can occur from shock loading in the wastewater influent 
(44).* Figure 7-12 ihdicates the effluent ammonia-nitrogea concentration to be expected) for 
single-^tage^ completely mixed riitrifierTeactors for various^ 
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NitRIFICATIpN IN COMPLETELY MIXED ACTIVATED SLUDGE PROCESS 
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The growth tatt of Nitrosomonas is described by the equation (13): 

-,r-. ■ / . / \ " 

f NH4 1 

where 



^ jgrowth rate of Nitrosomonas, day" 



1 




jirtax " maxiinum growth rate, day"l • * 

NH4 = concentration of ammonia, mg/1 
kjn —concentration of amnionia, when /u = 0.5 
For Nitrosdmo(ias 2it '20'' Cy \ ' . , 

k,n ~ ' -O ^^s/l of ammonia-nitrogen . ' 
Fot Nitrobacterat 20° C, ' . ■ - ! '. ' 

ji^3xV=d.l4d?y-l/ - V : ' . 

A typical variation of nitrification with temperature is shown in Figure 7-1 3 (44). 

, . ■ ■■ ■ ■ . ■ ' .1 . ' , ■ 

Ammonia-nitrogen concentration's of less than 60 mg/1 do not usually inhibit nitrification 
(44). 

■ - -.V ; V • ■ ■■■■ ■ • 

, Theoretically, alkalinity is desti^oyfed by nitrification at the r^te of 7.2 lb for each pound of 
ammonia-nitrogen oxidized to nitrate (44). If the influent alkalinity is not sufficient to leave- 
a residual alk^pity of 30 to 50 mg/l after nitrification is completed, additions of lime, soda 
ash, or causuc isoda may be required to hold the pH at the optimum level for the nitrifiers. 
At pH's below 7.^, the CO2 resulting froni nitrification will be washed out of the liquid by 
the aeration process, which will madcedly reduce tlfe lime requirements 

■ . : \ ■■: 1 ■ ■:■ , -y ■ 

A summary of the conditions advantageous to nitrifier growth is given in T^ble 7-7. 
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TABLE 7-7 




SUMMARY OF CONDITIONS ADV^^Nf AGEOUsl^OR NITRIFIER GROWTH 
^^ (13) (44) (45) (46) ' 

Characteristic Design Value 



Permissible pH "Range (95 percent of Nitrification) ' «^ 7,2 - 8.4 
Permissible Temperatures (95 percent Nitrific%tion)j^C ; 15-35 , 

Optimum T^emperature, °C I 30° (approximately) 

DO Level atPeak Flow, mg/1 | > 1.0 

MLVSS,mg/l I' . , 1,200-2,500 

Heavy Metals Inhibiting Nitrification 

• ■ < ■ ■ . . ' •■ ■ ■ ' • ■ 

Cu > , < 5 mg/i ' 

Zn ^ ^ < 5 mg/l . 

" . f 5 mg/1. 
Ni^ . : ' < 5 mg/1 

Pb " <5mg/I 

Cr • a ^ - < 6 mg/1 

Toxic Organics Inhibiting Nitrification . -i' " 

Halogen-substituted Phenolic Compounds < Omg/l ^ 

i Halogenated Solvents ^ < .Omg/l * 

Phenol and Cresbl . \. , <20 mg/^^ 

Cyanides an4 All Compounds From Which Hydrocyanic \. 

Acid Is Liberated on Acidification < 20jng/L 

Oxygen Requirenient (Stoichiometric, lb 02/lb NH3 -N, 

plus Carbonaceous Oxidation Demand) - 4.6 

Maximum Clarifier Overflow Rate, gpd/ft^^ 1,000 



y^SA Two-Stage.Nitrification \* . ■ . ^ " ' 

Because conditions for the pxidation^of carbonaceous matter and nifrogenous matter are 
rCtifferenty . particularly during cold weather, two-stage activated sludge may bemused for small 
plants if shock loadings or abru^ changes in temperature^or pH are probable. In this system, 
the first stage is designed to oxidize the carbonaceous BOD5 and the second stage is de- 
signed for. nitrification. Essentially, this system is' two separate activated jsIud|e^processes^ 
acting in- series. ^ * 



The first stage can be designed* as a high-rate completely rhixed unit, to lessen ^he impsict of 
variations in loading. ,Fpr normal NH4 concentration?,- the BOD5 in the first stage clafifiejc ^ 
effluent should be about 50 mg/1, to maintain a satisfactory MLVSS level in the second stage' ; 
aerator, -because the weight of cells synthesized from am^pnia-nitrbgea is only about 10. »* 
percent of the weight of th^ ammonia-nitrogen. The BOD^ to NH3rN ratio in the second; ^ 
stage should.be bet^\feen 2 and^ 4.; Higher BOD5 values lead to undesirably high solids con- 
tent for good nitrifipation; lower values result in poor flocculation. Sludge return, sludg^ 
wasting, and pxygen controLin the first stage are independent of those in the second stage. . - 

The second-st^ge nitrification unit^'can then more easily be designed to cauy an SRT match- 
ing'the ammonia-nitrogen load, to pfevent a "washout'' of nitrifiers. Because the ammonia 
tp be oxidized is soluble and is not adsorbed by th^ activated floe, it is not removed in the 
clarifier and its oxidation time is the same as the actual detention fime. Because the rate of 
ammonia oxidation is essentially linear, plug flow is desirable in the second. stage. Plug flow^V 
can be achieved in the second stage by dividing 'the aeration b'asin into three or more com-*' v 
partments in series, as shown in Fjgure 7-14. In two-stage systems, the first stage should bje . 
completely mixed, to reduce the possibilities ot shock loadings on the nitrificatio/i linij/. Pro- j 
visions should be macJe in the design to . maintain adequate, amounts or^lkalihity in the / 
second stage influent; for example, lirtie addhion to maintains relatively uniform pH of . 
about 7.4 to 7.6 during nitrification. :^ ' . . ' / 
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TWO-STAGE SYSTEM FOR NITRIFICATION 
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extra capital and operating expense of a t\vo-stage system for a small community is 
seldom justified; other alternatives should be examined. 

7 J.2 SinglerStage Nitrification , ^ 

■' '■' ■ '. \ ■ . ■■ • .■ ' • " ' ■■ ■ '* • 

;r If nitrification is not required during cold weather oi; 1 to 3 mg/1 of ^monia-nitrogen in 
the effluent is permissible, single-stage nitrification may be used. Because nitrifiers are easily 
killed by shock to^ac loadings or abrupt changes in pH or temperature, ipompletely mixed 
extended aeration is most commonly used for single^^tage nitrification (Figure 7-1 5). 

■.V % 
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FIGURE 7-1-5 
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SINGLE-STAGE NITRIFICATION SYSTEM 



For consistent single-stage (as in two-stage) oxidation of both carbonaceous andgriitrogenous 
matter, the reactor must be designed and operated under loading conditions and controls 
that will insure maintenance of an adequate population of nitrifiers. the minimum SRT's 
necessary for nitrification (shown on Figure 7-12) were. developed to jpredict the nitrifica- 
tioiuAfficiency of a completely mixed reactor (15). In practice, a safety factor. of 1.1 to 1.3 
ivgfhQ used, based on the probability of toxic of hydraulic shockjoadings.^ » , 

The F/My loadings should average about 0.05 tb;.0.15 lb BODs/day/lb MLVSS in a single- 
5tage nitrification system and lower for nitrificatdbn^lowL^ 

7.8.3 Denitrification ■ 

• If the ammonia-nitrogen is oxidized to nitrate and the DO is less than about 1 mg/1 (prefer- 
ably 0*0. to 0.2 mg/1), heterotrophic bacteria can utilize the oxygen in the nitrates andi, 
nitrites for metabolism, releasing the ..nitrogen to the atmosphere aSi a gas. Cbntrbiled de- 
nitrification can take'place in 1) a third-stage aerator-clarifier system, 2) a completely sub- 
merfflMi rotating disk contactor system/ or 3) a Mgh-'rate granular media filter. If a^uspended 

,groWm system is used, the MLSS should be in the range of 2,000 to 3,500 mg/1 (44). 



• ' • ■ •■ • ' . ' •" 

The denitrification rate varies considerably with the temperature, as indicated in Figure 7-16 
(44). Until more data on the effect of temperature on the denitrification of different 
nitrified, wastewaters are secured, pilot studies will normally ^ 

The Affluents from nitrifying units are deficient in carbonaceous material. To suj)ply the 
essential carbon nutrient, nigthyl alcohor (methanol), glucose (coam sugar), or a carbona- 
ceous waste, such ^s brewery waste, is added. Each pound of nitrate requires about 2.5 to 
3^0 lb of methanol, or its equivalent, to complete the reduction process. The methanol 
required can be estimated from the following equation: ^ 

■ lbmethaiipl= [2.4'7(lb'ofN03-N reduced)] + [ 1.53 (lb of N02-N reduced)] + 
^ [0.87(lbof pOGonsumed)] 

TTie amount of methanol to be added should match the denitrifier needs, to meet effluent 
BOD and N requirements; therefore, it may be necessary^ to equalize the loaditig, as a pre- 
treatment process. • ■ \ 

Because of the possible high concentrations of both nitrogen and carbon dioxide in the 
effluent of denitrification aerators, which create a supersaturated condition inhibiting j 
settling, it is recommended that abdut 5 to 10 minutes of separate aeration be provided 
before clarification, to strip out gaseous nitrogen. After separate aeration, the settling 
properties of denitrification sludge are similar to conventional activated sludge. -k 

7.9 Operation' and Maintenance 



The operational procedures for the activated sludge process prepared by the U.S. EPA 
National Field Investigation Center provide excellent information (1). 

In activated sludge systems, it is customary to provide *at least two aeration basins in 
parallel^ so^ that if one miist be taken out of service, the plant can operate with one basin for 
a short period (although it may be overloaded and the treatment deteriorate, somewhat). 
Small plants: (below 0.1 to £).3 mgd [0.004 to 0.013 m^/s]) would not normally have 
parallel aeration basins or dual clarification facilities; however, if reliably meeting effluient 
requirements is essential, two small plant?, should be constructed in parallel. Reliabilitjr 
guidelines, as established by EPA, may require (depending on where the effluent is dis- 
charged) spare motors and drives for any mechanical equipnient. It is customary to provide 
a standby compressor for diffused air systems.^ 

The most important control parameters in activated -sludge systems are the DO in the ae^ra- 
tion basin and the MLSS. * ; 

It is desiraible to maintain a minimym aeration tank DO of about 1 to 2 mg/1. Initi^iy, a 
plant will normally be underloaded, and the aeration may provide more DO than is required. 
There is no benefit in carrying higher than 3^ to 4 mg/1 of DO, if the aeration rate ia kept 
reasonably adjusted to the oxygen requirements of the biomass in the aerator. If the DO 
levels are not controlled, localized region^ may become saturated with oxygen or super- 
' " ' " ■ ■ • ■ " ■ ' ' ' " 
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saturated witH nitrogen or carbon dioxide. These' conditions lead to adsorption of fine 
bubbles on ihe floe, causing poor settling and possibly flotation. The aeration capacity of 
the aerators should be sufficiently flexible, to reasonably match the DO requirements of the 
variable wastewater flows an^ , . • ' 

If van^ions in loading cause poor BOD5 or SS removal,- some means of (at le^ast) partial 
equalization of flows should be^investigated. ' . \ 



During the plant startup period, it is important to establish the aerator mix-ed liquor charac- 
t^stics that will .most reliably meet effluent requirements.' Factors characterizing the mixed 
liquor (e.g., the initial settling velocity, the size and relative concentration of floe particles, 
the clarity of the seiftled liquid, and the compactabihty of the settled sludge) can be estab- 
lished in a simple settleometer test (1). Such characteristics should be^ determined for 
various combinations of MLVSS in the aerator, F/M ratios, and SRT's.when tl(e influent 
wastewater has its. highest and lowest temperatures and its largest daily variations in load- 
ings. To obtain optimum effluent , quahty for plants employing primary clarification, the 
effects of each variation in effliient 8OD5 and SS must be tnonitored .and evaluated.' In addi-. 
tion^ influent BOD5 , SS, VSS, temperature; and pH must be' care fuj^fy noted, to e|hable plant 
personnel to inake accurate judgments regarding operating I . v 

An emergency action that can be taken iif the quality and character of the miorobial solids 
deteriorate, is adding powdered carbon t& the wastewater entering the aeration Wsin and to 
the basin itself. Such shoxt, periodic additions of carbon can improve the settling of the 
solids, adsorb toxicants, arid reduce the soluble organic load the oii^oisms ^ust handle, 
thus providing rapid corrective action (44) (47). 



Bulking, sludge is an operational problem that occurs' in higher loaded plants, if care is not 
tajceo to maintain 1) sufficient dissolved oxygen in the aeration basin, and/2) a sludge re- 
cycle rate high enough to keep the concentration of MLSS adequate and the loading within 
design limits. Bulking results from increased growth of filamentous bacteria at the expense 
of normal spherical bacteria and.\yith resultant poor settling of the MLSS in the final ciari- 
fier (see Section 7.6). To correct this condition rapidly, the .filamentous orjganisms, because 
of their large surface-area-to-volume ratidj can be selectively destroyed by large doses 
chlbfine or hydrogen peroxide. The:'fattei^ is more effectiv^v because it has a less deleterioi/ 
effect on tl\e desirable organisms (48). 

. If solids'db not settle or settle poorly because of buoyancy catisejdlDy.denitrification in /the 
final clarifier, the addition of hydrogen peroxide to the secondary -clarifier inflow is effec- 
tive in suppressing such denitrification. . ♦ 

"Most activated sludge 'treatnient plants are'affetted by large variations in flow and loading 
more when the F/M loading i? greater thari 0.5 lb BDD5 /day/lb MLSS under aeration than, 
they are when the F/M is below this value. Recovery from shock loadings usually takes place, 
without affecting, the average plant effluent, during night and weekend )ow flow periods 

X13). 
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Provisions should be mad©^ to bypass a nitrification unit, if there are excessive concentra- 
tions of any substance that inhibits nitrifiers (see Table 7-7). If the nitrifier population is 
destroyed, it usually takes several weeks for recovery. ^ ^\ 

7.10 Example Design • ' * 

7.10.1 Site and Wastewater Characteristics . . * 

■ .'"^ ' - - , ^ : 

Principally Domestic Wastewater ^ ^ 

limited Land ^t Plant S^^^^^ l^OOO ft (304 m) . " , 

Influent B0D5,mg/l . ' V a ' r. 

Influent SS, mg/l - * 

Influent VSS, mg/1 /' ^ . - ' . * 

^ . Influent NH3-N, mg/1. 

• Flow, gal/cap/day ' 

, Teak-to-Average Ratio 
. Average-to-Minimum Ratio ' ' - 

Population » 

• Minimum Wastewater Temperature, ' / ^ 
V Minimum Air Temperature, °C 

pH Range; *V y 
- Hexane SolubJ|es; mg/1 ' 
Effluent B0D5 ,mg/l ' 
Effluent SS, mg/1 

7.10.2 Design: - ' 

<'■.■* .*.•■. . ■ 

Assumptions ' - - 

Extended Aeration System ' 
Two Duplicate Aerator-Clarifier Units . • - 
.Pretreatment (Screening and Grit Removal Only) 
F/Mv, lb BOD5 /day/lb MLVSS 

MLSS, mg/l ' ' > ' ■ 

" MLVSS, mg/1 ^ • 

BODs Loading (p. 1-2) * 

F = 8.34(QXLi-L^)/106 ; ' 

: F = 8.34(200,000X200 -30)/ 106 ' . • 

F = 284- . 

. , . . ¥ • • . ■ • ■ ^ •.. . ; • 




0.10 
4,000 
2,800 



. Micro-organism Mass if^ Aerator 

F/Mv = 0.10 
^Mv = 284/0.10 
My = 2,840 lb 

Vplume ofAerator\A^ 7-14) 

.. - V.= [0.133XQXLi- Le)]/[(MLVSS)(F/Mv)] 
V = [b.l33(20p,000)(2Q0- 30)]/[(2,800)(0.10^] 
^V=i6.150ft^ 

Sludge Retention Time (p. 7-16) 

; -SRT=1 /[a(F/Mv)-b] - ; . , 

(assume a = 1,1 and b = 0.08) • . 
SRf= 1 /[ 1,1(0.10) -O-OSt] \ ■" '. n 

S«T = 33 day-s_ . ' . . 

Ne/. S/Mrffe>TOflfwcr/on (YSS to be wasted)(p. • - » - 

■ \ = Oyiv)[a(F/Mv) - b] : " ^ ../ . " 

=2,840[ 1.1(0'. 1) -0.08]. , - . 

. =(2,840(0.03) = 85 lb/day. (38.5 kg) " - , : 

I/(/wW7?e/e«non rjwie ^not. including recycle flow) / 
t - V/Q = (15,960)(7.48)(24)/200,006 

..t='14.3^hr ' . ■ ■ " ' ■ ■'. . ' ■ 

\ 'Minimum Aerator Liquid Temperature ' 

For. the short period liquid is exposed to cold air in the aerator and clarifier, and the many 
factors that determine tj;ie amount of heat loss, itis assumed in this example that the tem- 
perature drop is about. 5° C (41° F) under design cbnditi^^ the liquid tempera- 
ture in.the aeration chamber may drop to as low asdOv C (50° F). 

Nitrification. ■ . 

• At 10° G (50° F), with an SRT of 33 days and a liquid retention time of 14.3 hr, it can be 
assumed that nitrification will be. relativj^ly corhplete. ' 

Oxygen Requirements ' , 

Carbonaceous Oxygesn Demand ({). 7-19) . ' .■ ' . 

,• ORc = [a'(F/Mv) + b']Mv " ' " . " ., ' . 
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Orc- 10.55(0.10)'+ 6.151(2,840) 

Orc = 582 lb/day (264 kg/day) ' , . . 

Where a' = 0.55 ; . ' 

Where b' = 0.1 5 = 

Nitrdgenous,Oxygen Demand (p. 7-19) " . 
• Orn = (4.6)(8.34)(QXA1nIH3)/106 , - 
Orn ^'(4.6)(8.34)(200,000)(20)/106 , ' 
OrN= 153 lb/day (70 kg/day) ' ; , 
. Total Oxygen Required = 6rc + Orn 

=^82+ 153 / 
. > 735 lb/day (334 kg/day) 

Aerator Selectiort 



Since freezing is not likely to be a problem, and surface aerators are more efficient jii the 
use of power, surface aerators will be selected for this design. If freezing were a pi^blefn, 
diffused aeration would be more efficient. 



Power Requirements (p. 7-29) 



For Qperatioh peripheral velocities of about 15 to 20 fps (4.5 to 6 m/s), use an aeratpr that 
under standard conditions, will' provide 5.8 lb 02/hp*hr (2:0 kg 02/kWh). Under aciftal con- 
vditions: 



(a)(1.024)T-20 



where 

Np ^ 



5.8 
0.95 

9.6 (from Figure 7) 



Cl = 2:0 (assumed) 
Cs = 9.2 
'a = 0.9 . 
T^'vfl5 



N= 5.8RQ-95X9-6)-2.o] 
1^-2) J 



' (0.9)(1.024)-5 



N = (S.8)(0.77)(0.9)(0.888) - 
' N= 3;61bp2/hp'hr ' , , ' ' . ' • / 

I'ower provided = (735)/(3.6)(24) = 8.5/hp hr, or 4.5/hp hr for each a^^^ 

Aerationtank ' . . * * 

Provide two 1 5-ft-deep (4;5 m) square aeration basins with a common wall. 
Area'of each basin: * . . 

:a= 16,150/(2X15): • " ' : . ' * 

A=538ft2(50irt2) . . X 

Clarifiers . ' - ' . v 

• •• ■ • ■ - ■ ■ ■ • 

Provide two clarifiers., Wastewater witfi an MLSS of 4,0(k) m'g/l and a depth Of 1 2 ft (3.(5 m)- 
at 20° G (f68° E) wUl have an ISV of about 6 ft/hr (K8 m/hr) and a peak overflow rate of 
about l.lOOgp'd/ft? (44 m3/m2 d). At,a Uquid temperature of 10°-(^(Sp° F), the iSVriiight 
reduce to about 5 ft/hr (1.5 m/hr) and the peak Overflow rate to about 800gpd/ft2 
(32 m^/m2 'day). The apea required ifor each clarifier would then be: 

. A=^Q/(800)(2) , ; ' . 

- ' A = (2q0,000)(4)/1600 < • 

* . A=5d0ft?X46m2) .^* ' ' ' \ 

The diaineter of eachlwould be: ^ , ■>* " ' 

" D=i4(500)/n}0-5 " ' i. ! ' 

•* = 25 ft (7.6 m) 

The solids organic loading to the cl^rifier, with 10O;percept recirculation would be: 

M^/A= 2,800(8 J4K200,000)/(2)(5^^ ^ 
. = 0.19 lb/ft2/hr (0.92 kg/m2/hr) 

or well below the limit of about 1.25. - * 

If th| solids concentration in the settled solids is 1 p^ercent and the MLSS is 4,000 mg/1, the re- 
cycle flow ^Arould be (p. 7-18): 

J':' Qr-QSs/(Q-S3) 

. . Or = (20(/,000)(4,000)/(10,000 - 4,000)" ■ ^ ■■ ' 

Or = 133,333 gal/day (503,998 1/dL) . .. 
where C.= 10,000 (assumed) . \ , 
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Emergency Operation ^ ... 

If one aerator-clarifier unit is out of operation, the plant could be -operated as a conven-^ 
tional system. The F/My ratio could he increased to 0.4, which^w^uld still meet^ ind 
BODs effluent requii^ments of 30 mg/1 each; however, the capabiUty to meet shock load- 
ings and maintain the MLVSS in the single aerator and Clarifier units woujd be seduced. ' 

ySS wasting woulAbe increased to: : 
- 2)340 [(1,1X0.40) 0.08] 

' ■ % = 1,022 lb/day (46.3 kg/day) ^ » , 

■ ■• • ■" ^ ■ . ' ■ * 

The SRT would drop to: . 
. SRT - l/[(i : i)(b.4) - 0.08] ; . 
SRT = 2.8 days * . . - ^ ■ 

Therefore, nitrogenous oxygen demand would riot Ije exerted. - , ' 

Jf one clarifier1nust.be removed from service, the MLSS concentfatiqn should.be reduced to 
2,000 or less, and the MLVSS to about 1 ,400:^, 

* I . . ■ c 

7.11: CasaStiidy * ^ ' ' ' V . . - 

JSl.l Woodstock, New Hampshire, Oxidation Ditches ^ . 

.The Pemigewasset River, Vhich flows through the towri.of Woodstocic, has been classified, 
for C use, requiring 'that the plant effluent does riot, 1) cause a reduction of the-DO below 5 
mg/1; 2)^cause a pH outside 6.8 to 8.5,; 3) cpntain chemicals iniinical to fish life; 4) cause 
unreasonable sludge deposits; 5) cause unreasonable turbidity, slick, or bdprs; or 6) dis- 
charge unreasonable surfape-floating solids: In addition, the State of New Hampshire ruled 
that a minimum' of secondary treatment was necessary.- To meet EPA requirements for 
secondary treatmenf effluents,'*the BOD5 and the SS both must W reduced to 30 mg'/l or. 
less and the MPN of coliforms reduced correspondingly. 

To meet these requirements, a w.astewater treatment plant was constructed in 1971 Nvhich 
incjiuded bar screen, comminu tor, wastewater pumps, two grit chambers, two qxidation 
ditches, two clarifiers, sludge storage tanks, chlorine contact chamber, sludge puni|)s, scum 
:pit| anci sludge drying bed.. The configuration of this plant is shown on Figure 7-1.7, Design 
. and operational data are fisted in Table 7-8. ' . 



RETURN ^ SLUDGE 



6RIT 

CHAMBER 



SCUM PIT 



PAW 
SEWAGE 
PUMPS 



t WET 
WELLS 




LEGEND 



LIQUID 
SLUDGE 



ERLC 



^ FIGURE 7-17 

t SCHEMATIC FUOW DIAGRAM - WOODSTOCK, N.H. 
- ■ ■ ,7-52 ,•■ ■ . '/ 



/ 

/ 

/ 



) 



TABLE 7-8 

♦ t 



WOODSTOCK, N.H., OXIDATION DITCHES 



■ ■ •■'^ ■:. 
DedgnYfeai . 
Population To Be SMyed 
24-Hr Flow 

Average, tngd 

Maxiiniun, tngd 

Minimum, mgd 

Raw Wastewater 
B0D5,mg/l . 
'SS,mg/l 
VSS, mg/1 



\ 



Design Data 



1990 
1,100 

tf.HO 
0.650 
0.040 



220 
215 
140 



Aeration Tank . 

F/M,lbB0D5/day/lbMLSS JO.05 

Sludge Recycle Ratio 1:1 

■ Average Retention Tifne.hr \^ 26 

Surface Aerators, hp 1.2 

Secondary Clarifier 

- Maximum Overflow Rate, gpd/ft^ 550 

Dei^th atWeir, ft 8 
'RetentioR'Time at Max.* 

"Flow.min. , 165 



Performance Data," January 1974 to April 1975 



Primary 
lafiuMit 

ss-- ■ ■ 

mg/l 
iiiiii./mix.^ 



1974 
Jan. 
Feb. 
Mar. . 
Apr. 
May 
June 
July 
Aug. ■ 
Sept. ■■ 
Oct.. 
Nov. 
Dfec. 

1975 
Jan. 
Feb. 
Mar. 
Apr. 



20/92 
10/130 
18/92 
6/34 
2/60 
8/28 
12/218 
10/170 
8/72 
14/66 
58/142 
20/108 



10/94 
22/128:' 
14/134 
24/100' 



. Effluent 

■ ss ■ 

min./max/ 



6/10 

6/14 

2/10 

2/10 

2/14 

2/8: 

6/18 

2/8 



4/14 
6/14 
6/54 
6/14 



AnttkMi 
Tank . 
MLSS 
mg/1 
inln./inix^ 



30^0/3590 
3330/4000 
' 2320/5180 

. 1980/4670 
3000/4410 
3680/4520 
4100/4900 
3610/5150 

; 4220/5630 
5030/5640 
.4430/7460 

^ 3400/5360 



Shidie' 
VolMW 



min./max. 



^1/118 • 
.'.89/105 
83/136 
81/103 
74/96 ■ 
72/86 . 
65/89. 

81/Ui" 
81/90^4:^ 

88/9^.*;- 

86/102 



2/14 • 4020/5620 84/07 : 

2/16 • 3230/6190 ' " 73/106 

2/12 . .4710/6470 72/142 

4/14 3360/5740. 72/75' 



Primary' 
hfloMt 
■OOc 

1^ 



^144' 
" 96 
72 
126 
93 
89 

2! 
126 
124 
165 
- 141 



201 
132 
94 
102 



Fintf : 
EflhiMt 

JODc Flow 

nia-lvoMX.^ 



5' ,' . 
10 

3 
9 

.7. 
11 

3 
5 
3 
5 



10 
22 
7 
7 



.091/.138 
.088/.l$l 
.076A161 
.087/.175 
.093/.161 
.693/.J37 
.098/.122 
.078/.130 
.070/. 133 
.058/.n6 
.060/.093 
.072/. 129' 



.070/. 108 
.077/. 102 
.066^12 
.0611.140 



'dne composite sample a month analyzed for BOD. 
^Minimum ahd maximum values in the month. 
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CHAPTER 8 
PACKAGE. (RREENGINEERED) PLANTS 

"Commercially available wastewater treatment plants, commonly known as "package plants," 
are sold as prefabricated or in easily assembled standard components. Prefabricated plants, 
although available with capacities up to 1 mgd (3,780 m^/d), are most commonly used for 
flows of Jessfthan 50,000 gpd (190 m3/d). This chapter will discuss only plants 50,000 gpd 
m size or smaller. Most ^of these plants are biological jfacilities, although physical-chemical 
and fixed-growth system (trickling filters and rotating biological contactors) package plants 
have recently become available (1). The information in this chapter should be coordinated 
with the basic design considerations in chapters 7, 9, and 11 . 

The most common preassemb led units employ some type of activated sludge process. These 
plants, since they were first used in the latter part of the 19.40's, have been called "aerobic 
digestion" plants, "total oxidation*' plants, and "extended aeration" plants; Extended aera- 
tion has been accepted as properly descriptive of most of these plants. Based on the avei'age 
flow, the detention, time in the aeration compartment is usually between 18 and 30 hr, if 
domestic wastewater -is treated. Contact-stabilization type activated sludge package plants 
are also co'mmbnly used. 

A detailed history of the development and performance of extended aeration and contact- 
stabilizatioji plants is^ given in two reports of the National Sanitation Foundation (2) (3). 
In 1950, there were only about six planfc, all in Ohio; at present, there are many thousands 
in: all parts of the country: If properly designed, operated, and maintained, "these plants can 
provide a good quality secondary effluent. Unfortunately, the majority of these plants do 
not reach this degree of treatment j because of unwise economies in design and installation' ; 
and inadequate operation and mairitepance, When these plants first came into use, the ' 
unfortunate and totally erroneous conclusion was, made that ^ there would be no excess 
sludge to be wasted. Consequently,the waste sludge went out with the effluent, resulting in 
the periodic appearance of excessive Sl^in the effluent.' . - 

Many of the smaller package plants can serve emergency or temporary treatment needs with 
a minimum of permanent . installation costs.: Under such circuihstances, the area required 
may be a standard lot size, or less. However, it is usually best to maintain some space 
(preferably 50' ft [15 m] or more) between the property boundary and the treatment 
works, unless the facility is completely enclosed and designed to prevent noise and odor 
nuisance.' Package treatipent plapts, like package jumping stations, can be builTunder- - 
gr6und , to minimize adverse environmental impacts in built-up areas. 

. r ■ ' , ' ' ■ • ..■ • ■ ■ . ■ 

If properly designed, operated, and maintained, these plants can usually provide satisfactory 
treatment for small wastewater flows-from housing developments outside metropolitan areas 
and businesses and other institutions in outlying areas that generate rior^ domestic >yaste- 
waters with reasonably consistent flow patterns. The inherently conservative design of the 
plants results in easier operation than conventional activated sludge systems but does not 
eliminate the neejd for proper operation. 



A partial list of available biological package plants is shown in Table 8-1 . 
8: r '-General Design Consideptions / 

An important consideration in selecting and sizing these package plants is the average 24-hr 
flow and its diurnal variations. As stated previously, fliDws from small populations can 
exhibit extreme variability, both hourly and daily. Biological processes are not noted for 
their ability to take wide and sudden variations in organic load or hydraulic flow. Conserya- 
. tive design is, therefore, required, because the flow during several hours of the day could be 
many times the average 24-hr flow. By using extended aeration times and low BOD loading, 
the activated sludge iji^ocess generally can tolerate wide variations in load during a 24-hr ^ 
period, • ' ' 

To properly design the clarifier portion of a package activated sludge plant, several of the 
following considerations must be made: 

<^1. The average MLSS to be used for design purposes (about 2,500 mg/1 to 5,000 
mg/1) will usually achieve better settling characteristics (3). 
2. The peak overflow rate, including the flows used to control foam and scuni 
; return as well as sludge return, must determine sizing. As a general rule, the 
clarification area , should be sized so that an overflow rate of "200 to 400 gpd/ft2 
(8 to 16 m3/m2;d) is not exceeded during peak flows. If in doubt, the smaller 
figure should be used. ; 
3/ Scum removal and return provisions are required, if a primary settling unit does 
not. precede the aeration units. AH package plants should be designed to retain 
floatables within the system. Clarifier skimmers should permit the operatpr to 
adjust the. rate and frequency of skimming, to maintain scum removal most 
effipjiently and to least interfere with solids^'settling. The amount of foaming will 
depend on the wastewater and the biodegradability of any surfactants or 
detergents present. 

4. , There should be at least 3 to 4 ft (0^ to 1 .2 m) of clear water between the water 
surface and the top of the sludge blanket, to jpf event SS carryover into the 
effluent. To maintain this clear water depths a total depth of at least 10 ft (3 m), 
and preferably 12,' 13, or 14 ftp.e, 3.9, of. 4.2 m), should be provided if the 
MLSS is to be 4,000, 5,000, or 6,000 mg/i, respectively. ^ : - 

An evaluation of the package plant as an alternative treatment facility indicates both 
advantages and disadvantages to bp considered before.selection (4). 

1. Advantages usually include: 

Smaller land area requirement 

Smaller hydraulic head loss ' % 

Fast and low-cost field instaUations 
Reduced excess activated sludge 
Generally little or no odor 
Low capital cost 
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TABLE 8-1 

COMMERQAL BIOLOGICAL PACKAGE PLANTS ^ • 



Manttfactorer 



EXTENDED /iERA TION 



Model. 



Capacity. • 



Remarics 



Bio-Pure, Inc. 

V Caii-Tex:)idu8txies 
Qow (Aer-O-Flow) 
Davco . 

Defiance of Arizona 
Dravo Corp. 

EimcoCoip. 
Extended Aeration Co. 



Mo^elBP 

; Tex-A>Robic • 

Model S,SO,C 

6DA2-12DA40 

1.6SEA40EA 
MobilpackE 
AeropackE 
ADC 



600- 10,000 



5,000 - 25,000 
50^000 -l,250;t)00 

1,000- ioo,ooo 

2,000- .40,000 
50,000 - 500,000 

1,650- : 40,000 

2,500- 35,000 
30,000-2,000,000 

2,000-1,000,000 
500 - 46,000, 



Includes twp-stage batdi 
clarifier and batdi dilori- 
nation 



FMC Corp., Environmental 








Equipment Div. 


ModelSS . 


1,000- 


5,000 




Extended Aeration 


7,500- 


15,000 




Stepaire 


35,000- 


175,000 


Ko^eCorp. 


Oxy-Pak ' - 


1,000- 


20,000 


Lakeside ^uipment Corp. 


EA Aerator Plant 


160,000 






SpirojetEAandEAR* v 


2,000- 


12,500 


Mack Industries 


Model MV' 


1,500 - 


150,000 


Marolf Hygienic Equipment 








Co. 


^ Stress*^ Key 


' 1,500- 


1,000,000 


Permutit-Sybron 


Amcodyne E.A. Plants 


4,000 - 


25,000 






30^000- 


225,000 


Polcon Corp. 


Polcon Package Plant 


5,000- 


40,000 


Pollution Control, Inc. 


Activators 


1,000 - 


100,000 


Pollutrol Technology, Inc. 


. Puritrol 


UOO- 


25,000 


Purestream Industries, Inc. 


Model P 


3,000- 


100,000 


Puretronics 


STP-600 ^ 


1,000- 


-25,000 


Purification Science, Inc. 


Ecolog Systems 


30,000 - 








30,000- 


1,000,000 


Ridurds of Rockford, Inc. 


Rich-Pack A 


io,ooa- 


500,000 


Smith &, Loveless 


* * 

ModelB 


15,000- 


35,000 


ModelD 


17,000- 


35,000 




MfodelCY 


2,000- 


22,500 




Model RE 


^72,000- 


360,000 


Suburbia Systems, Inc. 


IiCSC-50TDCSC-1000 


50,000- 


1,000,000 


Stang Hydronics, Inc. 




1,500- 


^ 50,000 


Sydnor-Hydrodynamics 


Centri^wiil [ 


- 2,000- 


50,000 



V 



Field etected; circular tank 
The laigerplantsmUstbe 
%eld (erected 



Eield erected 
Field elected 

Field^erected for sizes greater 
than 15,000 gpd 



Field erected 

Uses cage rotors for aeration 

^ield erected 

Modular, flekl erected 

Field erected 
Batch operation ' 



Field erected 

Fjeld erected; requires con- 
structioh of lined, earthen 
aeration basins ^ 



Field erected 



/ 
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TABLE8-1 
(continued) 



Manufacturer 



Texas Tank, Inc. 
Topcb Co. 

iWatcrA Sewage, Inc. 
Water Pollution Control 
Corp. 



Model 



A-D . 
Aero-Fuse 
Model EA 

■ i 

Sanitaire Mark I, Mark II 
Sanitaire Mark IV 



Capacity 

i;500- " 50,000 

3,006- 20,000 

1,000- 35,000 
^30,000 - 2,500,000 



Remarks 



FieU erected; can also be 
operated as qonventional, 
contact stabilization or 
step aeration process 



CONTACT STABILIZATfON . 



(fan-Tex Industries 


Tex-A-Robic 


30,000 * 


50,000 


Factory asseinbled; rectangu- 








lar design 






50,000 - 


1,250,000 


Circular design ' 


Qow (Acr-O-Flow) 


Model CS^ 


50,000 - 


; 500,006 


Can be operated as extended 








aeration plant at reduced 
capacity 


Davco 


.UDAC20- 12DAC70 


20i000- 


70,000 


Factory assembled 






50,000- 


500,000 


• 


DravoCorp. - , v. 


» MobilpackC 


10,000 - 


20,000 


Factory assembled; rectangu- 








lardcfsign 




Aeropack C 


30,000- 


2,000,000 


Factory assembled; circular 
design 


FMC Corp., Environmental 










Equipment Div. 


Stepaire 


lOO^OOO- 


500,000 


Can be operated as extended 










aeration or contact stabi- 
lization 




SUbilaire SL-150 


, 20,000- 


50,000 


Factory assembled; rectangu- 
lar design 


Gulfsten Bio<:on 


BC20P-BC80P 


20,000 - 


80,000 




Lakeside Equipment Corp. 


SpirojetCS 


2,500- 


3,000,000 




Marolf Hygienic Equipment 










Co. 




50,000 - 


3,000,000 


Custom designed; rectangu- 










lar design 


PermutitrSybron 


'Amcodyhe C.S. Plant 


40,000 . 


1,000,000 


Rectangular design 


Pollution Control, Inc. 


Activator CS 


10,000- 


120,000 r 




PurlHistion Science, Inc. 


Contact Stabilization System 


30,000 - 


1,000,000 




Smith & Loveless 


ModelB , 


15,000 - 


35,000 






ModelD 


.17,000- 


35,000 




Model CY . 


2,000 - 


22,500 




a ■ ■ 


.Model RE 


72,000 - 


360,000 


Field erected 




Modeiy 


2,000 - 


90,000 


Field erected 


Walker Process Equipment 


Spaxjait 


20,000 - 


500,000 


Circular design 


. Water & Sewage, Inc. 


Moditl^ 


15,000- 


50,000 




Westiiighouse 


RCS • ' • 


10,000- 


50,000 


Rectangular units 




30,000 . 


1,000,000 


Circular units 



TABLE 8-i 
(continued) 



Manufacturer 



STEP' AERATION 



Model 



FN^C Corp., Environmental 
^Equ^ment Div. 



CONVENTIONAL 

ACTIVATED SLUPGE 

■ • . 

FMC Corp., Environmental 

Equipment Div. 
Smith A Loveless 
Walker Process Ek^uipment 
, Water Pollution Control Co. 



COMPLETE MIX 



Stepaire 



Completaire 
Model V 
Swirlmix 
Sanitaire Mark IV 



Capacity 



100,000- 500,000 



15,000- 25,000 
2,660 • 90,000 
100,000 - 2,000,000 
30,000-2,500,000 



Remarks 



Can be operated as octended 
aeration or contact stabi- 
lization : 



Field erected 

Field erected; can also be 

operated as conventional, 
, contact stabilization or 
step aeration process - 



Dorr-Oliver, Inc. 



100-500 



100,006- 500,000 



4 



i24 
8^5 



: . 2. Disadvantages include possibilities of : ^ • 
High power costs * r 

High operation costs - ^ 

Noise pollution 

; 8.2 Extended Aeration Units^, ^ ; ' 

■ . ■ '. ■ . -"^ • . ■ . • 

Be6iruse these systems do not employ primary clarification, the treatment plant normally 
consists of a screen or comminutor, aeration basin, clarification compartment, and disinfec- 
iioxi facilities. Because primary settling is not provided, the aeration basin should have 
sufficient agitation to keep in suspension the heavier solids not normally present in the 
MLSS of activated sludge plants. To insure sufficient agitation to prevent settling (excluding 
oxygen input requirements), the aeration compartment should have a power input of iabout 
3/4 to 1 hp/1,000 ft3 (2 to 2.5 kW/ l OQ m^-), if mechanical aerators are used. For a diffused 
air system, there should be at least 30 cfm of air supplied per 1 ,000 ft^ (1.8 m^/m^' h) 
of aeration vojume. ^ 

The BOD5 loading should insure that the maxihium food-to-micro-organism (F/M) ratio is 
about 0.05 to 0. 15 lb BODs/day/lb MLVSS. The MLSS is usixally maintained in the range of 

"^,000 to 6,000 mg/1 . The above loading for normardomestic wastewater is equivalent to a 
hydraulic detention time of about 1 day' (24 hr) in the aeration basin at average flow. The 
average detention time may vary from 18 to 36 hr/ At this BOD 16ading; the solids produc- 
tion is minimal;j The excess solids, including the volatiles entering with 4he raw wastewater, 
which are not^degraded, amount to about 0.3 to 0.5 Ib/lb BGD removed, or about 400 to 
1,200 lb of dry solids per million gallons (0.05 itb 0.14 kg/m^) of^normal domestic waste- 

■ water. 

The excess sqlids. pfqduced must be removed and disposed of. A separate sludge storage 
basin or compartment, which >yill hold the A<raste solids for at least 1 week and preferably 2 
to 3 weeks, is desirable. This compartment can also serve as an aerobic digester, because it 
should.be aerated to prevent septicity and the separation of solids. Aerobic digestion-fipr 
about 7 to 10 days, if the liquid temperature is 1 above 20"* C, can result in a further rediic- 
tidn in voiatile solids, of up to about 30 percent, dependirig on the amount of endogenous 
respiration that took place in th^ activated sludge process 

Stabilized solids^can be dewatere^ on a spid bed for eventual hnd disposal. In larger plants, 
mechanical sludge dewatering with vaqXm filter or belt filter may be considered. Figures 
8-1 and 8-2 illustrate two designs of exjifended aeration, activated sludge type package plantsi 
in which the flow is completely^iBtCced. A positive means for sludge recycle is generally 
required for the proper performance of these plants. 

The areation requirements for biological oxidation should be based on an oxygen input of 
about 2 lb/lb BOD5 applied. This is equal to the ultimate carboftaceous BOD plus the 
oxygen requirements for oxidation of ammonia-nitrogen to nitrates (nitrification), which 
will generally occur because of the long sludge age (about 20 to 40 days). Nitrification 
should occur 'in well-designed and operated extended aeration, plants, unless the liquid 
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FIGURE 8-1 

EXTENDED AERATION TREATMENT PLANT 
WITH AIR DIFFUSERS v 
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EXTENDED AERATION-TREATMENT PLANT 
WiTH MECHANICAL AERATOR' 



temperature drops below 5° C (40° F). Nitrificatiori may cause several problems in extended 
aeration system operation, including the following L_. !. 



1. . Sludge rising, if denitrification takes place (because of anaerobiaconditians) and 
produces nitrogen gis,>which tends to buoy.upsthe solids, thus interfering with 
settling and'som'etinies causing flotation. ' - ; . 
1 The .oxidation of ainmofta-nitcogen, prpdiicing nitric acid, may reduce the pH. 
and affect process efficiency, if wastewater alkalinity is not sufficient to buffer 
the system. . , ' 

3. Interference ih the. BOD5 bottle test, if nitrification occurs, will Wcate higher 
B0% results than possible from first-stage carbonaceous oxidation. 

, .Well-established extended aeration package plants will decrease ammonia-nitrogen to^around 
1 mg/1, if the aerator temperature is above about^S"' F (IS" C) (2). For more inforihation 
on extended aeration systems, see chapter 7. ' ' . 

8 J Contact Stabilization Um^^^ 

The contact stabilization process has been incorporated into package plants (particularly 
. for larger capacities-), becayse it allows the total aeration basin volume to be reduced from 
. that used in the single-basin extended aeration process. The F/M ratiq is comparable- to that-, 
of the extended aeration systems, considering the total solids in ^e^system outside the 
clarifier. Howevfer, F/M ratids are much higher, if based on. the solids in the contact basi;i 
alone. Because the epncentration of solids in the stabilization basin is two to three tjme^ the - 
concentration in the contact basin, an aeration basin volume reductidn is possible, if a 
cohtact-stabilizatioii plant is designed in, accordance with original criteria. However, there is 
evidence that, ii^corporated into package plants, this process lacks stability and does not 
pi-ovide the BOp and SS removal efficiencies expected (6). Contact-stabilization is -most 
valuable for wastewater iti which hiost of the ROD is suspended or colloidal an^ th^ flow 
is q4iite uniform, ■ '. ^ - 

■ \ : ■ ■ ■ . ■ ■ : ' ' , : ■ • „ ■ ■: 

Ifymie in the, contact chamber becomes extended, basic design criteria are violated in terms - 
of \BOD loadings. The characteristics of the solids in" the contact chamber depend on the 
organic and biological loading ^nd the extent of biological activity in that chamber. 3?he 
contact-stabilization process, as originally designed and tested, had a detention time of 20 to 
40 minutes in the contact chamber. Suspended, and colloidal organic solids and some of the ^ 
soluble organic, solids are adsorbed by the well-oxidized sludge coming from the stabilization 
•chamber. However, if the detention time in the contact , chamber reaches L5 to 2 hr 
biological activity may start and result in a high rate activated sludge process, with a reduc- 
tion in settleability and more SS in the clarify effluent. Unfortunately, the detention can- 
not be kept at ,20 to 40 minutes over the ^ide range of flows coming to small treatment ' 
plants, without, prior flow equalization. To maintain the detention time at 20 to 40 minutes 
m the contact chamber at the time of peak .flow during the day, the contact time for the 
24-hr jiverage flow would be 1 to 2 hr or more. Some State and other regulatory agencies 
require a contact chamber detention time of 2 to 3 hr at average flow. These longer contact . 
times make the contact-stabilizatipn process less efficient and less effective (6); ' 
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Contact stabilization should be used only for larger, more uniform flows, or if flowg to the 
plant have ^een equalized. The size of the'contact chamber should be sufficient to maintain 
a detentipn time of about 20 to 40, minutes most of th^ time. It is unlikely that effluefit 
standards can be met using contact stabil^ation in plants smaller than 50,000' gpd (200 
m^/day), vxithout some prior flow equalization. In plants sized for future capacity, flexibili- 
ty should be incorporated in the design of the contact chamber, so its size can be reduced 
for the low flows during the initial period of plant operatic^. Flexibility can,be attained by 
jiividing the contact chambiir into two ot three compartments and .using, only one or two 
initially. The compirtments not in use.can be connected to the stabilization section. Stabilir 
zation can be increased to nearly 25' hr (from . the normal 3 to 6 hr), to make the unit less 
sensitive to^shock or, toxic loadings. An integral aerobic sludge digester cah also be incor- 
porated in the plant for the \yaste activated sludge, as shown in Figure 8-3. ^ ■■_ ' ; ^ 

The MLSS. is usually 1,000 to 3,000 mg/1 in the contact b^in and 4,000 to 10,000 mg/1 in 
the stabilization, or reaeration, chamber. About 0.7 to 1.0 lb (0,32 to 0:45 kg) of 62 is 
required for each" lb of BOD5 removed, or 800 to 1,200 cfm (24 to 36 m^) of air per pound 
of O2 removed. The sludge generated varies from about 2, 50() to 10,000 gal/million gal 
of plant influent. ^ • 

Nitrification cannot be expected to occur in a contact-stabilization plant, because 1) the 
ammonia in the liquid is poorly adsorbed by the solids in the contact chamber, aijd 2) the 
time is not sufficient; Some nitrification will, of course, occur in the stabilization- basin, 
particularly if a long detention period is provided, but the ammonia present in th§ major 
portion of the raw w'astewater will pass out with the effluent from the contact basin. 

8.4 • Rotating Biological Contactor (RBC) Units . - ' . 

These units are widely u^ed in Europe in small prefabricated plants-there are over 700 
instaUations in West Germany, France, and Switzerland. They afford, stable operation, if 
conseivatively sized; with hydrauUc loadings of 0.25 to 1.55 gpd/ft? (O'.bl to 0.06' 
m3/m2'd), they will produce 8,5 percent BODs removid to liquid temperatures of 40° F (5° 
Ci For low temperature operation, the ioading should be below 1 gpd/ft2 of disk area (0.04 
m3/m2 'd) (7). They are now being designed, and constnicted in the United S^^^ 

Because the flow velocity and turbulence in the compartment containing the disks are not 
high enough , to keep heavy primary wastewater solids in suspension, a primary settling unit 
must precede the disks. Solids would, then, be wasted from both primary and final clarifiers' 
for treatmejnt and disposal. Recirculation of splids or liquid has not nohnaliy been practiced 
'SvithRBCs.^**' . " ^""Z- ■:■ . : • •. 

The advantages of^these units are low maintenance, low pa>ver, minimal odor and fly 
'nuisance, and low ribise levels. However, the^ units should be house(Lto prevent damage to 
^ th§ disks by high winds and vandalism, to keep heavy rains from wasomg^he growth off the 

di^s,and to prevent freezing problems. Figure 84 illustrates a packagdjjlant of this type. 

• In rotating l)iological contactors at hydraulic loadings of under lgpd/ft2^'(QM of 
disk area, nitrification may occur on the disks toward the end of the flb^^^hrbugh chamber 
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at^Uquid temperatures down to about 40** F (about 5** C). The solids production from these 
units, at the low loadings/will be about 0.3 to 0.7 lb /lb BOD removed; they may concen- 
trate to X to 3* percenj in the final clarifier (7). Loadings of 2 to 6 lb BOD5 applied per day 
per 1,000 ft2 (0.01 tp 0.03 kg/m^) of disk surface have been- recommended as the 
maximum (8). Power re[Quirements are reported to be about 0.2 hp*hr/lb BOD5 removed. 
For more information ofTi^ 

8.^ Physici^tCKeinic^ 

|The typicd*ilDW d^^^ physico-chemical (P<p Ni^Wew treatment 

[ plant is sho^ on FigUr^^^ plant ^can treat wastewater that has been scfeened or 

conmiinuted iijd d^ first step of the system is chemical coagulation followed by 

clarification, iitfter elm the * flow enters a down flow caibon compartment for 

filtration and sQi^^^^ organixs. Addition^ removal of the soluble organics 

occurs.in a follpw^g /upfl0\v^ 

For domestic wk6te\y'ater/ari efflu with about" 25 mg/1 COD and 10 mg/1 of BOD, with 
SS^below 5 mg/ly .i^^ PhoTsphorUs as P can be reduced to less than 0.5 mg/1; 

color and turbi^f^^fi^ be mbiim^ is normally disposed of as it 

is exhausted, because Y^gerierafto . . / 

Different chemicals tend td gerterat^ amounts of sludge (^ section 13.2): 

1. Lime ^nerates 6,000 to 14,000 gal/mgd. of plant influent, with 6 to 10 percent 
dry solids. 

2. Alum generates' 10,OdO tp 30,000 gal/mgd of piarif^feftuent, with 0.5 to 1.5 
\, percent dry solids. ; ^ ^ : ' : 

^. Iron salts generate ib^OO tp 25,000 gal/mgd of plant influent, with 1.0 to 2.5 
percent di7 solids. / 

Both the operating costs and capital costs^pf^this type of plant; in contrast to^actiyated 
^.sludge package plants, are relatively high; The plant can be started and stopped without 
. large adverse effects on treatment ; it can produce a high quality effluent with a low BOD 
.jind phospdiorus. However, ammpnia cannot be rejtTTloved, im'less additional processing is 
^ added *to the basic seqii(^nc'e. For more infpnnation'pn physicalfcfi^erm see chapters 

12 and 13. ' ' . ' ■ ' . : 

' ■• ' ■ . ■ . • . ' * ' '■'V*'^^' * . 

The use of. physical-chemical package plants has b«en largely restricted to coldL/Cl^mates, 

where their sma|l size, ^*on-Q|F' operation, and h^ reUabiUty a^ 

additional afiplication wlli undoubtedly PQCUr, becaipe pf their inherent resistance to toxic 

compounds ^ih^wastew£^tere*a^^^ to rpmove he^vy metals and refractory compounds. 

Physical-fchenucal 'papk£(ge> plants^ a primarily available in two generalized processing 

schemes:, granular carbbh and powdered caiboh systei^^^ 

The granular carbon systems are generally similar to the'schematic diagram shown in^ Figure 
8-5. Powdered carbon systems employ simultaneous cl^emical coagulation and powder^ 
*carbpn contacting in a single' step. Final solids and piOwdered cafBcfn removal m^y be 
accomplished by sedimentation and/or' filtration. ' s 
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8,6 Operation and Maintenance of Activated SlMjdge 

■ ■. "■ " ' . ■ , ' 

/ v. *.." , „ : . . : ■ ■.. ..r'. i ^ ,v ■ ■ ' . 

The major design- problems 'thatj»aff^^^^ activated sludge units 

• include (10): ... -y^y^^^^^^ ■ 

. .1. .-HydriauHc shock : lqads~th^ in flow, from small Communities, 

accentuated by tl^e^jUS^ of oversize pumps where wastewater is pimiped ' , 
. 2, Very large fluctuations in both flow and BOD loading / , 

. : 3. Very small flows that make difficult the design of self-cleansing conduits and 
;'j /chajinels difficult ' 
• . ',4V. Inadeqiiate or. rionpositive sludge return,"rjeqUiiing provisions for a recirculJition 
rate of up to 3 fl , for extended aeration systems to meet all normal conditions 

5. Inadequate provision for scum and grease removal from final clarifier 

6. Dentrification in final clarifier, with resultant solids carryover' 

7. Inadequate removal and improper provision for handling and disposing of waste 
sludge ' ' . - - 

8. Inadequate control of MLSS in the aeration tank 

9. Inaid equate antifoaming measures 

10. Large and rapid temperature changes . 

11< Inadequate control of air supply^ ' ' * 

Possibly, the major factor causing poor performance is directly related to the quality and 
imount of operator attention. Unless such plants receive at' least some attention and main- 
tenance daily from a qualified operatDr,..they should jibt be installed, because the effluent 
qi^ality will invariably be quite poor. For more information on staffing requirements for 
operation and maintenance, see chapter 16. 

' ' • . , 

O & M^bquirements for physical-chemical plants, established by manufacturers to necessi- 
tate from 2 to 4 hr daily, involve chemical makeup, sludge handling, and preventive main- 
tenance procedures common to other plants. 

In cold climates, small plants may experience operating problems. . In such climates j it is 
preferable to install one plant in the ground and/or to house it, to conserve heat. A long 
aeration period dissipates heat, particularly if mechanical surface type aerators are used. 
Such aerators should be designed to prevent freezing from liquid splashed on metal part§ 
and the platform. If such plants are installed in northern climates, diffuser systems, with 
compressed air, should be used for,the oxygen supply. . ' 

If it is known that operation and maintenance may 'be minimal, one or more of the follow- 
ing should :b/considered for inclusion in the specifications: 

1 . Flow recorders for influent, return sludge, and effluent 

2. Sampling connections, or ports, with easy access . 

3. Automatic air regulation . \ ^ , v 

4. Automated variations inlsubmergence of surface aerators 

5. Continuous pO recorders 

6. Automatic adjustable skimming mechanisms 
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7, Automatic 4efoaniing sprays 

8, Automatic timing of periodic operations, such as skimmers, return sludge, sludge 
wasting, and air blower 

■ ■ t •• . • _ •"■ , . . .; 

- ft 

Some suggestions to improve and maintain the efficiency of package plants are: 

1. All pumps, laboratory equipment, and supplies necessary for good performance, 
should be placed in a control building onsite. 

2. A schedule showing all regular and intermittent maintenance procedures and 
emergency procedures Should be posted. » 

3. A minimum schedule of required daily and intermittent tests and profess observa- 
tions should be established, 

4. A simple but complete operation anfl maintenance manual, keyed to the 
capability of the probable standby operator should be required. 

5. Adequate training of operators, assistant operators, and replacement operators 
should be provided. / . 

6. An.adequate supply of the equipment and material required to maintain, inonitor, 
and control the safe, efficient, and simple operation of the facilities should be 
specified. - r- ; 

7. The plant should be designed for good public, relations, by providing for odor, 
noise, and landscaping control. 

8. Regular wasting of digested sludge to a dewatering facility (such as a sludge drying 
bed) before final disposal should be provided. 

9. Pumps or blowers should be placed beside, and not above, aeration tanks or , 
clarifiers as a safeguard against dripping oil and dropped tools entering the units. " 

10. Tank covering guards and high, locked fences of good quality should be provided. 

11. Adequate, handy sources of water for cleaning purposes should be provided. 

Additional information on the operation of package treatment plants can be found in 
Vefefences (2) (6) and (10). 

8.7 Case Studies — \ 

8.7.1 Physical-Chemical Package Plant , 

A Met-Pro physical-chemical package plant was installed at Indian Hills Housing Develop- 
ment, Low^r Salford Township, Pennsylvania, and put into operation in the first part of 
May 1974. Engineering data and test resiilts of samples taken on 8 May 1974 and 6 June 
1974 are shown in Table 8-2. A schematic plan showing the movement of wastewater, 
sludge, and chemicals ih .the plant is shown on Figure 8-6 <11 ). C 

Comminuted wastewater is pumped from an equalizing tank (hot shown) by rgw waste 
pump (a) to flash mix tank (b). Coagulant f^er (c) delivers a proportional amount of 
chemical solutibn to the . flash mix tank, where intimate contacting is accomplished by 
means of a high speed agitator. From the flash mixer, the wastewater ffows by gravity into 
the flocculating section of the clarifier (d), where genile a^tation promotes floe formation. 
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■ ■ ' TABLB8-2 

DATA FOR A PHYSICAL-CHEMICAL PLANT ' 

^ , DESIGN CRITERIA 

Capacity Overall Size 



7,000 gpd 8ftX 7 ft X 8.7 ft 



Shipping Wt, lb 










5,700 






2.75 




' - OPERATING 


DATA 


t 


'\ ■ .' 


Sample Source 


COD 


BODs 


ss 


Total I 




mg/1 


mg/1 

Or 


me/l 


ihe/I 


May 8^1974 










Raw Influent 


360 


107 


262 


: 2,31 


Clarifier Effluent 


40 


, 18 


4 


0.14 


Adsorber Effluent 


20 


6 


12 


0.80 


Filter Effluent 


10 


10 


<1 , 


0.66 


June 6, 1974 










Raw Influent 


487 


212 


316 


12 


Clarifier Effluent 


112 


61 


62 


0.38 


Adsorber Effluent 


28 


8 


16 


0.42 


- Filter Effluent 


18 


10 


8 


0.13 



As sedimentation takes place in the clarifier, the settleable solids are collected and are 
pumpedXe) to disposal. A disposable media filter (f) is an.optiop for sludge concentrating 
prior to ultimate disposal (1 1), v . 

A controlled amount of chlorine solutionis pumped into the surge and disinfectant contact 
tank (j) for disinfection,, The clarifier effluent flows up through the granular carbon 
adsorber (h), for removal of dissolved organic materials, and into the surge tank (j)-Air i^' 
fed into the bottom of the adsorber aerator (i), maintaining the fluidized carbon bed.'iii ah, 
^aerobic condition. Filter pump- (k)i§ushes the disinfected wastewater through the pressure 
filter (m) for final polishing, 

'8.7.2 Extended Filtration Package Plant 

The national Sanitation Foundation (NSF) evaluated the performance of the Aquatair 
Model P-3 package; treatment plantain June 1974 and reported that the system incorporates 
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biological treatment of organic matter in a high rate bib-oxidation tower and an djir-injected 
recirculation/aeration chamber. The extended filtration system is a superrate tricklirig filter, 
with recycling of kludge only from the final clarifier to the^ filter influent (12). The uilit .;^ 
tested was designed to treat 3,000 gpd (1 1.4 m3/d)^with about 5 lb/day (2.29 kg/day) of :- 
BODs^in a 16-hr interval, effective at a maximum of 187.5 gpd (0.71 m^/d). Characteristics 
of Aquatair systems and typical NSF performance data are presented in Tables 8-3 and 8-4. 

Raw wastewater enters a ^sealed primary settling tank, which overflows into an aerated[ . 
recirculation chamber (see Figure 8-7). Floating and settled^solids, including grit and grea^^^;;; 
are trapped and stored for 6 to 12 months and undergo anaerobic action. Excqss slu^fec - 
from the final clarifier is also stored here for anaerobic treatment, while sthe majoi porEidri' 
of the clarifier sludge is returned to the re;circulation/aeration basin. After the raw overflow 
mixes with the aeration tank contents, a set aniount is pumped to the top of the bio- 
oxidation tpwer, which has 35 ft^ (3.2 m2) of surface area; anothetpcnrtidn of the pumped . 
flow is returned to the recirculation/aeration basin through a jet eje^ctor^ to mix and aerate 
the. water/sludge mixture. The clarifiers are designed for a maximum*- overflow rate of 250 
gpd/ft2 (10 m^/m^M). The wetting rate on the filters is maintained between 0.8 and 1.5 
gpm/ft2 (47and88m3/m2-d). ' . . . , 

It should be noted that the National Sanitation Foundation standards were^ used for testing 
this unit and the data are representative of diffejent specified flow regimes. Because of 
better than normal operation, the data represent a measure of performance capability under 
the conditions of testing. - y 

' ■ ' \ . • • ■ ■ . ■ • 

8.7.3 Nitrification in Extended Aeration Plant 

A istudy was conducted by CAN-TEX on an extended aeration package plant at Weatherford, 
Texas, to determine the characteristics needed to obtain nitrification^i(i;3)- Because efforts 
with single stage treatment w^re not successful at lower temperatures, jthe plant was split 
into two separate aerator-clarifier subunits. The first -stage unit was operated from February 
1973 through June 1973; the second stage from ^September 1973 through March 1974, 
obtained only limited data. During the first period, the water temperature varied from about 
18° to 28° C; in the second period, it varied from about 28'' to 80'' C. During the first 
•period the DO in the aeration unit dropped below 2 mg/1 several times, greatly reducing 
NH3 removal. Nitrification recovered in several days when the DO returned to ovei* 2 mg/1 . 
^ The O2 requirement to produce nitrification m the first-stage period was about 170 percent 
of BOD5; in the second stage,' it was reduced to 150 percent of the BOD^. In the second 
stage, it was found that the DO could fall to 1 mg/1 without lowering the removal in the 
first stage; however, more than 2 mg/1 were required in the isecond stage. 

Design and operation dat^ are shown in Table 8-5. A plan and elevation of a CAN-TEX 
packaged two-stage nitrification activated sludge plant are shown in Figure 8-8. 
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TABLE 8-3 

I»ERf6rmaNCE EVALUATION OF AQUATAIR MODEL P-3 



Flow, gpd / 

D0,mg/1 

Temperature, "C 

PH 

SVI 

MLVSS,mg/l * 



B0D5,mg/l _ 
>SS,mg/l 
VSS.mg/l^ ' ^ 
C6h,'mg/l ■ 
Alkalinity as CaCOa , mg/1 
NH3.N,-mg/l 
N03.N,mg/l 
phosphate, mg/l 



Min., 








2,800 






1 i 00 


2.9 






4 6 


14 




24 


20 ' 


•6.9 




7 4 


7.2. 


■11 9 




300 


181 


^ii;o6o 




2,250, 


1,708 


Influent 


: \ 


Fffliiant 


175 - 


.702 




5- 16 


192- 


692 




11 - 58 


166- 


590 




, 9- 36 


402- 


1,784 




"16- 112 


191 - 


. 236 




66. 102 




■28.1 




2.1-10.3 


0.1 - 






11-19.7 


21.4- 


31.1 




16.1 - 28.8 



- r, TABLE 8.4' o 

CHARACTERISTICS OF AQUATAIR PACKAGE SYSTEMS 

. .; Design Capacity, gpd 



Item . 

Component Volume, gal 
Sludge Holding Tank 
Recirculation Tank 
Clarifier 

CI2 Contact Tank 
Bio-Oxidation Tower, ft^ 
Weight, lb 



lp.OpQi 20ipl i;; 30,q^ il>^,000- 50,000 



v.-2,250-'^^4,^00 ■ #S|,: 9^^^^0. 



3,750 . 7,500^^- .11^50 :|,15,0pfie»|) 

:,_1,667:., .,;3,1^6 ■ ■ 



. ',11,300 18,050 . 24,800? r^^^l^^pSfoOO. 
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TABLE 8-5 



PACKAGE 2-STAGE NITRIFICATION ACTIVATED KLUDGE PLANT 



Desiai Criteria 



Average 24-hour flow, mgd 
Aeration retention time, hr . 
Clarifier overflow rate,'gpd/ft2 
SRT.day ^ 



Stage 1 Stage 2 
15,000 



, 10 
420 



15,000 
12 



12 



Operating Data 

Raw Aerator #1 Clarifier #1 Aerator #2 Clarifier #2 
Wastewatei+^Effluent Effluent Effluent Effluent 



B0D5;mg/l/ 229 

SS,mg/l 240 
MLSS.lb 

NH3-N,mg/1 ^ 28 

NO2-NO3 , mg/1 \0 

Total Kjeldahl N,.mg/1 2)5 

DO, mg/1 . 
Temperature, "C 



1900 



4.2 



36 
47 

11 
15 
11 

16 



2900 



5 1 



17 
17 



0 
16 



J.The raw wastewater is notpretreated before entering thie first aeration compartment. 
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ERIC / • 



AIULIPT 



AERATION 
ZONE NO. I 



AERATION ' 
^ZONE N0.2 



CLARIPiER NO. Z 

V* NOTCH wi'm 




- tRATlNt OVIR 
INTIRl SLUOII 

holoim tank 



-•RATINt OVIR 
INTIRl CLARIITIIR 



ICUM RITURN 
AIRLIFT PQW 



PLOW 
MPFLI 



_ CONTACT TANK 
INLIT tAfrU 



CHLORINATOR 
HOUIINt 



IPTLUCNT 'TROUtN 
AND AOMITAtLl 
«C|R 




^COMCRITI tLAl «ITH 
RIINrOltOINt SARI 



ELEVATION 



NOTES : , 

•PRETREATMENT CONSISTED OF SCREEN ING AND COMMINUTION. 
•POST TREATMENT CONSISTS OF GRANULAR FILTRATION AND 
CHLORINATION. V 



, /IGURE 8-8 

CAN-TEX PACKAGE 2-STAGE (NITRIFICATION) 
. ACTIVATED SLUDGE PLANT 
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-r-^-i:--^' CHAPTER 9 

vj; ' FIXED FILM SYSTEMS • • 



Biological pjPOCesse$ p'sed Tpr treatment/of ■waste\^^^ be classified as suspended growth 
systems or fixed fHm systeirt^. ;$us^ are discussed in Chapter 7, Fixed 

film systems provide suifa<5fe atea |oi:yth6 growtfi:^^^^^^^^ zbbgleal slime. This Sliitte or film con- 
tains the n^ajor portion ofumicr^^^ treatment. The fiied ^Um systems 
be,;W^ divided into^juhits with station \vith 
mSyihj^ media (^^ \: ■ ' \ 

. ^ 9.1.1 General Description' 

' A trickling, filter contains a stationary medium providing su^faeb'W^a'amd void ^pace. The' 
zoogieal flbn develops on the surfaces and 'the vpid space'allbws aLir and wastewater to pass 
thrdugli the medium arid come in contact* witli* the microorganisms in the fHinTThe orga- 
, nfenisii^ilize the oxygen and ipa^^ >: . 

Many variatiofl}S^6l tn^^ filter systeirt^ have been develdi^ed amd used succ^s][\ijliy. The 
EPA Munidpai W^^ 1 974lindil3atj?s:,t^ there afe app^^ 

. mately: i,700 trickling filter plants w^^ design flows of lesf IhaitH jmigcj^^^et^ ;^bout ; 
9,400,000 people in the, IJrfitfe^^^^^ the past» the tricklini^^^f^ 

ideal forplantsservingpopulatibns'df 2;500 to 10 . r ! ' : 'Vv: - - ■ . 7-':' o ^'-..^-;- ^.^ 

. Trickling filters historically have been popular 'for use in snMdt pr^ 
ability to recover from shock loads and to perform well with a mimmum 
supervision, and because of their economy, in capital/knd operating costSv - . ' 

^ ,9;l .^^^ Description 

*,The^ trickling filter process depends on; biolog^^ to oxidize the.'conipiex orgamtt 

liii^atter iri wagtey/ater. for opei'ating efficienby^^^^^^^^^ ifroper ecological environment '^ustrjie^^^ 
iifj(^tained: a continuous supply of footl, water to keep the orjganisms in the zoogieal sliirne ' 
moist, and oxygen to keep conditions aei*obici A distribution system is provided tO' insure 
uniform application of wastewater .pn- thV medium, alpn^ with an uiiderdrain system to 
collect the wastewater that has passed through the medium and to provide spaces for proper 
ventilation. , ^ . ' . - .' ' - ■ ■ . "■ 

If a trickling filter is operating correctly, the medium becomes coated>fith a 
which is a viscous; jellylike substance containing bacteria and other biota. The zboglea pro- 
duce exoenzymes;- which catalyze chemical reactions between the suspended, colloidal, and 
dissolved organic solids adsorbed; onto; or slowly mpving .over, the film.. Activity on tlje sur^; 
face of. thej fihn is normally aerobic, provided therd^s adequate yentiiation. Some anaerobic 
decomposition near the medium $urfade may occur, because ihe^diffusion of oxygen through 



the film i$ lai^ely molecular and, thus^ quite slow* Depending ph factor^ such as ponu|ant 
loading, type of organic matter, type pf medium, temperature, presence of essential' nutri-, 
jnts, and hydraulic loading, the film builds up^until excess solids separate from the, niedltlm 
[**slough off*) and are carne4 in the wastewater to a clarifi^r, ii) which settleable' solids are 
removed fpr further treatmentaiid disposal. ^ - ♦ 

■• • • •■ ■ . ■ ■ ■ ^- '■ ' ' .■ ) 

. * 9X3 Qassificationsdf Trickling Filters , ■ v 

Developments in the design and operation of triclding filters have resulted i 
classifications: low-rate, intermedia te-rafe^ Wgh-rate,^i^^^ fiftration, which are 

differtntiated pjimarity by th?ir hydraulic and organic loadsV Recirculation and medium 
configuratibn'alsd play a* part in filter classification. Low-rate filters do not include recir- 
culation; super-rate filters, in most easels, only reqirculate t6 -'maintain a minimum wetting 
rate. T&ble 9-1 shows the foui; common classifications, with ranges of hydraulic(and organic 
loading* ' " '■^v- -v". 

* ^ '■ ' * ' " * . " ' ■ ■ . ■ . ■ ■ ' ' ' . * • ■■ '■•■'> 

' • l^: , • ' .. TABLE -9-1 . ' ■ 

TRiGKLING FILTER CIJVSSIFICATIO^^ ' ■ ■■■^ ■'i^,- ■ 




Lo,w-Rate ; Intenniediate HighTRatei Super-Rate 
Parameter " I^ilter Filter * Fitfet V ' ^Filter 

Hydraulic Loading. ' '^L; ''?' 

million gallons oer , ' ■ ' ; . ;.v A'.;;'." : ' 

acre per day (mgad)'«; 1-4 4-10'. . 10-30 30-50 

Organic Lb4diillg,2 ^ ' ' ^ 

lb (BOD)/d^y/ 1,000 



v:ti? „. 5-20 ; : 05-30 30-60 50-100 



J ■ 



^ Includes recirculation ( 1 mgad = 0.935 xti^lvci^ id) : * ■ . . , ' i : 
\:p. -.Does not include organic load resulting ifrom iecircu^tip^^ Cl ,lb^(l/l-p(K) ft?^^^^ 

f?^-"^'^^ "a; ■ /■ .-'-^/V -'^^ ' . V"". 

Thei;id>i^-rate trickling filter is a very dependable u.nit^ prJavidirig cdn^^tent effluent qualit^^^^^ 
Oyet-a wide range of organiCylc^ prirtiary and final settling 

t^ks,- will normally provide 85 percent BOD removal. The operation is very simple, because'^ 
dosing is" intermittent (at not: than/5-miriute intervals) with; rio recirculation^ The 
depth is normally between 6 and 10 ft ( 1 .8 to S.O hi), which, along with.a low loading rate, ^ 
may allow the unit t6 provide a' high degree of nitrificatioh.^Twp, raajpf problems witil lo^- 
rate filters are odor and filter flies (P^ycAoda). ' ' ' : v . ' , 

The interrriediate-rate filter is simi4ar in design to the^high-ri^te units ^nd is opetatea with 
recireulatipri. The major probleijl^^^ the mtermediate-rate filter is that hydraulic loadings 
Within this range apparently lead to a stimulation of brganifc growth, whiqh clogs filters. iPhis 
clogging has been solved in some instances by using a large; medium: 3.Jo 4 in. (75 to. lOO 
i^^rtim jih size; however, some filters have opebted Wll witJi smaller rock. * v ^ ; - 



High-rate trickUh^ filters are nonnally 3 to 6 ft (OlP to 1.8 m) deep and require some opera- 
tiopd^slidU to high loadings and recirculation (which could be one to four tim* the 

inflii^nt flo,w).^Becaus^ of high loadings and . the relatively shallow depth, sloughing is nor- 
mally continuous, and filter fly laiirae^are washed away, eliminating problems with flies and 
clogging ^(ponding). High loadings on a high-rate (Hter prevent the developnient of nitrifying 
bacteria, thus eliminating mtrification. The' J^OD removal effiqency of these units flprmally 
ran^^s bet>yeen 65 to 75 pfffcent, although 'they 'can stabiliie . l^^e amounts of pig^fc 
matter per uniJ: v.olutne (1). ^V- 

. r. . . o • o . : • . ■ ■ 

^' ■ ' '^-i . ^ ' ■■ ■ • • > 

^ Super-rate tnekling filters haye become available with the use of synthetic media having 
large yoid'space and high surface area per unit volume (high specific Surface). The super-jate 
filter,! which consists of towers ICf to; 40 ft (3 to 12 m) deep h^js'^^c.commodated hydrauHc 
loadii^gs of 2.4 gpm/ft2 (140 m^/m^-d) and higher, although* nbiftiial loadings are between 
a.S ^aiid 1.5 gpi|i^t2 (29 to 88 m3/m2 *d). These towers are often referred to as biCHoxida- 
tion towers. Shajilovf i^ftclding filters less than 10 ft^(3 m)iiigh, using manufactured media of 
,_ packing typ^r or bthjer open media suitable for use in. shallow units, could also be 
5perxate. *^ 
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Exten(^ed filtration is usually a subclassification of super-rate filtration. This process com- 
bines t^e super-rate trickling filter with fcontrolled sludge recycle, simil^ to an activated 
sludge 'process.>lJte. sludge recyclg is provided to maintain a^high solids concentration in the 
frioklihg filter 3nflibeht: These solids act in a way similar to the mixed licjuor SS in an acti- 
vated '^sludge profcess. This ^combination of suspended and fixed growths is intended to 
achjeve a high degree of oxidation and stabiUzation of sludge solids. This process is also dis- 
cussed in Section 8.8.2. 

"••>, 9: r.4 Application ot Process at Small Plants . . 

... \ ^ , «■ ' ■ ' ' 

Trickling filters have been used, to provide secondary treatment for wastewaters that are 
amenable to aerobic biolo|ig^^^^^ These filters are capable of providing adequate 

treatment of domestic waste/tit effluent quality of 20 to 30 mg/1 of BOD is acceptable (2). 
The effluent quality from a trickling plant^requires sjpedal consideration. If proper condi- 
tionSi e3dst, nitrification may occur in a trickling filter These conditions, which include 
temperaturerpH, presence of nitrification inhibitors, and solids retention time, will be dis- 
cussed further in Chapter 13 and Section 9.1.8. The presence of ammonia; nitrogen, and 
nitrifying bacteria in the effluent and in the BOD liottle wilUcause a high BOD determina- 
tion. If the . possibiUty of 9itrifi(^tion. exists, the samples should be nitrifier-inhibited to 
obtain a carbonaceous BOD5 . - ^ 

■ . . ■ ■■ - . ■ • ' ' ■ ' . ■ .'.^ .• ' ' "/ . 

Alt!foug|i|g^ single-step trickling filter can achieve secondary treatment if designed and 

qperated properly, theuse of one step is not recommended for small plants. A single filter in 
a small {)fint would not meet reliability Class I or Class II conditions set forth in the U.S. 
1 EPA technical.;bulletm. Design Criteria for Mechanical Electric, and Fluid System and Com- 
ponent. Reliability (3). Trickling filters in parallel would increase reliability, but such fthits 
would have tp be designed conservatively, to^prbvide reliability ovei*. the entire range of load- 
ings with a irnipimum of operation. designs of small plants can provide reliability and 
f^exibiUty by using trickling filters a|S roughing filters or iri niultiple-step systems: . ' 

9-3 •■ . 



Roughing filters are normally high-rate or sUper-rate units, designed to remove froni 40 to 
65 percent of theBODs . TTiey are commonly Aised if only partial treatment is desired, to re- 
duce the loadings on subsequent biological processes. . 



Using rouglfbig filters provides two^benefits: J) as tffe required BOD r^poyal decreases^ the 
required loading' rates incre^e rapidly, which ^educes the volume of mediufti required an* 
also the* cost*per pound of ^OD remove^; 2) the units, may 6e upset by^evere shock lead- 
ing or to;dc components in the waste and still regain oiSginal capacity rapidbC-tThe units,^ 
therefore, may help to protect any si^bsecjuent biologicd^^^ " 

• ' ♦ * • ■ ' 'i , * • . *. (• 



A«/V*l^WA^ft£,^«>'<^WWW w'wxiVJk* >«A>v^ ^w^, ~— • / L« ' <f ■ \ 

cation. Multipfb trickling filters c^ obtain better quahty'and mqie consistent effluent with 
less'medium than required* for a single filter plant (4). • 
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Several possible process combinjjtions are illustrated ^ift Fjgure 9^1 . Within these basic com- 
binations .the types and ftumbers of units can var^. Figure 9-1 has beenincluded as^ gUide 
to selecting a process. Final selectioi!|^f process combinations and types of upits will depend 
on the required treatment, local, economics, , and specific loading conditions of each situa- 
.tioni* ' . . ■ , * ' 

Selecting the classification for a trickling filter in these combinations will depend heavily on 
the capital and operating costs, anfl on the typip and degree of treatmeint required. Factors 
important in tl;ds selection wil^be discussed in the (allowing sections. In general, as loading 
rates are decreased, the volume of medium required increases and the amount of recircula- 
tion arid the flexibility decifease. » 

Design of other components, such as aeration tank^s, sedimentation tanks, fme screening 
devices, and effluent policing methods, are discussed ' in other chapters; The use of fme 
screening^ in iJlace of primary settling (as indicated iit Figure 9-1) is discussed* in sections 
9. 1 .5 and 9. 1 .7. Recirculation arrangements are dispussed in siectlon 9. 1 .5. • < 

Flexibility can also be provided to allow operation over a wide range of conditions. The 
recirculation system can be designed ;fco provide^J^ minimum wetting rate dt low flows, opera- 
' tion of filters in series or:,parallel, and internal fecirculation during nb-flqw periods. 

Combination^ A in Figure 9-1 is a simple 'multiple-step system, which is excellent for use in 
small plants, the sysfem can be automated to^ function with a minimum of operation man- 
power time, using simple equipment that requires little maintenance. Combination B can 
provide a higher degree of treatmenf than A, including nitrification, increased BOD5 and SS 
rerhoval, and possibly^denitrification, clfepenfling on the method of eiffl.uent polishing. 
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,WATER AND MEDIA USED . ( SEE. TEXT ) 



FIGURE 9-1 



MULTJPLE-STEP SYSTEMS USING TRICKLING FILTERS -t 
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Combination. C, using a trickling filter as a roughing filter, can be employed if shock loads of 
high strength waste or toxic materials are likely to occur, litis system would require more 
operation and maintenance than Combination A, to provide reliable consistent treatment 
over the loading range. Nitrification also can be provided with Combination C, by sizing the 
trickling filter as a first step unit to remove BOD5 to about 50 mg/1, and by designing the 
Activated sludge process to provide the nitrification as well as BOD5 and SS polishing. 

Combination D is similar to combination B but adds the control flexibility of an activated 
sludge process. This process allows Control of the first step, which could improve operating 
•reliability of the second step, but requires more operation and maintenance. 

Combinations B and D provide a nitrifying filter, followed by effluent polishing. Because 
sludge production from a nitrifying filter is small, the need' for secondary clarification is 
marginal. Some type of effluent polishing, however, should be provided to catch any solids 
. that may be produced. . , 

9.1.5 Basic Design Concepts 

Although the design of a trickling filter appears, simple, there are a number of variables that 
affect performance. Some of these variables have vbeen studied, and definite patterns have 
been established. However, conclusions^are often difficult, because of the number of param- 
eters involved, the range of variation of each parameter, and the number of combination^ 
used. The major parapieters affecting performance include the follo\ying: 

- ' ' \ ^ 

1. Wastewater characteristics ' . 

2. Media type ^ ^ 

3. Pretreatment , - / • 

4. Hydraulic and organic loading 

5. Reweulation ' . • 

6. Depth of filter bed 

7. Ventilation ' ^ * 

8. Temperature ^ 

In an operating filter, these factors interact. These interactions and the variables within each 
factor are discussed below. 

■ : : : . •• : ■ ■ . ■ ■. • . :. ; ' ■ • ■ • . • /k' 

9.1 .5 . 1 y Wastewater Characteristics 

■ y^x-' ■ ,. ■ ■ ' . ■ . . ■ ■ ■■ ■ 

Treatability of a waste is dependent on dissolved BOD, presence of essential nutrients, pH, 
and toxicity; During the trickling filter^rocess, the BOD removal from a domestic waste- 
water that is low in dissolved BOD will exceed the removal front an industrial wastewater 
with a high percentage of dissolved BOD. - 
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Wastewater treatment in trickimg filters, as in any biological treatment process,, requires 
nutrients and trace elements in- the wastewater for proper operation. (Domestic wastewater 
normally will contain* a sufficient amount of these nutrients and trace elements.) If a 
deficiency occurs, the growth of organisms stabilizing the orjganic matter can be reducfed, 
allowing filamentous forms to develop. Fixed ^-owth reactors, such as trickling filters (or 
rotating disk units), will usually have less trouble from filamentous biota thjm will activated 
sludge types of treatment. Caution must be exercised in using trickling' filters, because, in 
some cases, additional growth can cause clogging of the filter. . 

If the possibility of a shock load of toxic waste exists, a tricklipg filter can be used to 
protect, subsequent processes. A surge of shock load ^yill upset.a trickling filter, but because 
of the basic process and operating characteristics, recovery is n>uch more rapid (without 
requiring changes in operation) than it is in other systems. * 

■ ^ ] ^ . ■ ' 
9.1.5.2 Media Types { ' ' » 

Materials used as trickling filter media include crushed traprock, granite, limestone, hard 
coal, coke, cinders, blast-furnace slag, wood (resistant to rotting), ceramic material, ajid^ 
plastics. Redwood (Figure ,9-2a) is available in racks approximately 4 ft (1.2 m) by 3:; ft 
(0.9 m), fabricated of lath spaced 0.7 in (17.8 mm) apart on a horizi^ntal plane. The racks 
are stacked vertically, 2 in. (5 cm) apart. Plastic media are available fiom several manufac- 
turers in t>yo major types: bulk-packed (Figure 9-2c); consisting of small plastic shapes 
similar to short pieces of tubing with internal fins, and modular (Figure 9-2b), consisting of 
corrugated plastic sheets weld eid together to form units approximately 2 ft (0.6 m) by 2 ft 
(0.6 m) by 4 ft (1 .2 m). Some comparative physical properties><iY trickling filter media are 
included in Table 9-2. ' ^^''^"^ 

Medium selection depends on a number of interrelated considerations described belaw. 

1.. Specific Surface Area, This is the amount , of medium surface per unit volume 
available for biological groWth. Great^ surface area permits a larger mass of 
V . biological slime within the filter and a higher organic loading rate per unit Volume. 

2. Void Space, This is air space within the medium through which wastewater and 
air pass, thereby coming in cohtact with the fixed slime growths. For rock or slag 
medium, a decrease in size will tend to increase specific surface area and decrease 
void space. The higher the organic loading rate, the more air space per unit volume 
is required. 

3. Unit Weight. Media with high unit weight, requiring heavier bases and walls, may 
limit the configuration of a filter, affecting insta[lk^ 

4. • Med}a Configuration, Randomly packed, media such as granite, blast furnace sjag, 

and bulk-packing plastic are able to disperse the hydraulic loading rapidly, before 
great penetration occurs. Rapid dispersion allows this type of media to be used at • 
low '-hydraulic loadings^ and shallow depths. Mbdular^ype plastic: media do mt 
provi(Jp the same dispersion; therefore, the required depth is greater, permitt* 
greater organic loadi^ rates. The wooden-rack media ^ designed to provide 




.■i 



(d) REDWOOD MEDIA 




( b) MODULAR MEDIA 




(c) BULK PACKINGi.MEDIA 



FIGURE 9-2 



TRICKLING JiLTER MEDIA 
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TABLE 9-2 



COMPARATIVE PHYSICAL PROPERTIES OF TRICKLING FILTER MEDIA (5) 



Medium 


Nominal 
Size 


Unit 
Weight 


Specific , . 
Surface 
Area 


' Void _ 
Space 




in. 


.lb/ft3 


ft2/ft3 ■ 


percentage 

• 

.•* 


Plastic (Bulk Pacldng) - 
Plastic (Modular) 
Del-Pak Redwood 
Granite 
Gra^iite • 

Blast Furnace Slag 

■■•\.- ■ 


20 by 48 
48 by 35 
1 to 3 
4 

, 2 to 3 


4 

2 to 6 
• 10.3 
90 

67 ■ 
68 


35 to 60 '. 
25 to 30 

14 

19 

13 

20 


93 to 96 ' 
. 94 to 97 .. 

, 46. 
. 60 
49 


dispersion similar to that obtained in' rahdomiy placed bulk-packing mate^ 
can, therefoFe';;'be used in shallow filters. 



-/.v '-'v Corrugations,, fins, and other irregularities, which are provided in manufactured . 
media and present in natural media (such as rock, slag, etc,) are valuable in 
improving oxygen transfer to the biomass (i.e., tKey cause turbulence in the 
wastewater passing through the media in thin lay.ers).; . , > • , 



. 5. Media Material and Size. The most common mdienSii^^ 

media are crushe4 slag, stone, gravel, and uncrushable gravel. These materials * 
should be sound, durable, nearly, equidimensional, arid resistant to freezing and . 
thawing, as determined by the sodium soundness test. Normal size range ^fpr . * 
. these materials is between 1 ^nd 3.5 in. (25 to 90 mm). Uniformity is important, 
to insure adequate pore space. Gradation is normally restricted to KinV(25 mm) 
or 1.5 in (40 mm) between upper and lower size^;;e.g., 2.5 to 3.5 in, (6!5 tq 90 
mm) or 1.5 to 3 in. (40 to 75 mm). For more details on randomly packed niedia, : ' 

0 see references (6) and (7). . ' ' ^^ / ' 

Plastic trickling filter media are normally constructed of polyvinyl chloride 
(PVC) for modular. media, or pToly ethylene (PE) for bulk-packing 'niedia.TVe arid • 
PE are plastics that are highly resistant to chemical or biologipai degradatiori.\ ' 
Although -there are some chemicals that will affect the physical properties of these - 
, plastics, there is little chance that any of these materials wotild be; present in » 
municipal wastewater in sufficient concentrations, to have a noticeable effect oh • 
• them at temperatures below 140°. F (60° C). PVC is used for itiodular-type media, 
because of its rigidity and because it can be made in thin, sheets *or foi^s. PE can/ , 
be formed in the shapes used in bulk-packing media but lack§ the rigidity required • [ 
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: ;. ' ; for modular media. Other factorMnfluential in selecting these plastics are low cost 
U i and reduced flammability. Care must be exercised in their design and specifica- 
w'; tions; to prevent damage from^ exposure b the sun. 

6. Availability. The relative availability of media may have a major effect on the 
; filter desigij. In many areas of the country, sound durable rock is unavailable, and 

a cpnipromise may be required. 

7. Cost The cost of trickling filters primarily depends on the medium used. Care 
i^must be taken to compare medium cost .with the wprk the medium will accom- 

^- plish and with the effect it will have on both the construction required and the 
operation of the unit. 

■ • ■* ■ ■ ■ • . . 

9.1.5.3 Pretreatment ^ - 

Pretreatment may refer to the use of trickling filters for treatment of wastewater before 
discharge to a municipal system, or it may refer to the preceding treatment process. . > 

Use of trickling filters prior to discharge of wastewater into a niunicipal systen}\can be 
implemented by industries to meet s^er ordinance rquirements, reduce sewer charges based 
'on' strength, and treat difficult wastes. Design criteria for using. trickling filters, for pre-^, 
treatment of ind ustrifil, wastes aye, however^ beypnd the scope of this maniial. 

Pretreatment, provided* aJfead of tricjcling filters in a small plant, might include the 
following: : j I, ^'' ■^^^^K^ 



; . I. (^^^dl tTe?i:tmQnty to remove or contfoJ J^^^ or toxic subst^ce;5 .6r 

■^v''-^:-'".- dhfc^phOrus ■ ■ '■ '■'-^y'^^^^^^^ , ,V;i:'''.- "- 



^ ' the pH in the ph^peir irange for biological activity 

v3«P^trea^^ chlorine or hydrogen ij^eroxide, to contro^^^ and odor 

' : 4 and, septicify; increase BOD5 and SS removal and 

. J 'i) Bair ; i^Cks^^^ corpjainution, fine screening, . or primary sedimentation, 

■ \ / Vi^Te^^^^^^ and solids, which may clog the trickling •filter nozzle, 

the effects of retreiatB^^ aj^pat^^pt require no further discussion. When and 

how these stej^s^^are tise^^^^^ . : , 

?xm?iTy sedimentitioft d^^^ In the past, it was necessary' to 

precede trickling filters ^ by ;pri^^ of clogging problems. However; 

studies have'.^howri that f^ can be. applied directly , to 

modulaMype plasfie medii^^ Tests have shown that^ 

solids in trickUng filter effl^ comminuted wastewater (8) 

(9). Fine screening has b^pji ;i^ grit rempval, comminution, and 



" '"'^li 



ERIC" ; •. ■ '^■i'^ '''::\ M 



prim'ary settling, if waste characteristics permit. Fine screening is discussed further in Section 

9,1.8. : - > ^ 

9.1.5.4 Hydraulic and Organic Loading | 

Hydraulic loading is the total volume of wastewater, including recirculation, appUed' tp-a" 
filter per day, per unit surface area. Ranges of hydraulie'lpading for the various filtep<Jlassi- 
ficatioris have been included in Table 9-1. In the past, both hydraulic and or^nic loading 
were related to the perfbinrnahc^ftrickling^filters,. Various design . fonnUlas/reiated^tq^ 
performance of filters have been'developed and used with varying degrees of success. The 
effect of hydraulic loading on filter performance is closely related^^to dispersion of -flow 
Within thp medium and to contact time, which are dependertf:^njlep.tlXy-specifi<^^^^ 
configuration of the me^ip^^p^j^^auUe^ in-'COffibmatiortv^ other 

factors,jnayJiave-eaused son^,^-;^^ the variations in design formulas. In ri^ck tricklirig filters, 
thr^ited range of sizes and configurations, the use of depths within a. small range, and * 
the relatively small variations in organic concentration for domestic waste, tend to keep 
variations low. With the devel9pment of new media and the yseof greater depths, hydraulic 

loading becomes more importaiit^' / ^ /v 

. '■ ■ • • ^ ■ -J ' ■ ' \ 

In bulk-type meldia, such as rock or loose plastic packing, the dispersion within the medium 
is 0od and will occur at shallow depths; therefore, llqw.v hydraulic loadings cafl^l?e applied. 
Contact time within a filter with a. bulk medium /is high, because this dispersion causes 
complete wetting of the surface ay;^ilable and th'e medium configuration tends to slow^.f 
passage thrpugh the filter. In mbd'ular media, because of the configuration, dispersion is 
poor, and ,flowi through the medium' is rapid. Because of poor dispersion, modular media 
require a' higher hydrauKc loading, and greater depths to allow- uniform wetting of the 
surface. Several manufacturers require a minimum of 0:5 gpm/ft2 (29.3 xti^lnfl •dX ,wit]i the 
normal range between 0.5 and i.5 gpm/ft2 (29 to SS m3/ny2-d). Plpws as hig^ a^^ 8 
gpm/ft2 (352 tcr'469 m^/m^ -d) have been used, buirt^ rates abcive 3.5-gi^/ft2 (205 

m3/m2 *d) are ;hqt recommended (Ip). , The effects of hydraulic loading of modUlar-t^^ 
media on BOD removal and pounds of B6J^ rempvjEf'd are shown in FigUrds.^-S' a^ 9-4(11); 

Depending on the type of distribution system, ^rid^bw conditions, the application rate to 
stilt filter may be continuous, intermittent, or varying. A trickling filter requires flow to 
, .ke^p biological growth' moist, >but rest periods of short (duration can help control filter fliie^. 
In high-ratejahd super-rate filters, flies are not a problem, because high flows provide con- 
tinuous fliiShihg ofthe zoogleal films, keeping.them. thin and highly active. Methods of 
applying hydraulic lokd will be discussed further m 

Organic loading is the amount of soluble organic m;|[enlal to b ^i;e ii^ed bv the filter per day, 
per cubic unit of filter. If flow is recycled, part of ^ oj-ganics not removed in the filter are 
placed: back on the medium, adding to the organic load, to make up| the applied organic 
loadings Some investigators have, omitted recycled organics; others have included 'them in 
the| organic loading rate. . 
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FIGURE 9-4 

POUNDS BOD REMOVED vs HYDRAULIC LOAD (11) 
MODULAR TYPE MEDIA 
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9,1.5.5 Recirculation 

c . ■ ■ . .■ \- ■ ■ . ■ ... ' ■ 

Repfrciilation returns a portion of the trickiing filter, effluent to the filters:* This recircula-' 
tioii may . include clarified liquid^ settled sludge, or both. The amount of recycling is 
normallyi ekpres^ed as the recirculation ratio: the ratio of recircuiated flow to incoming 
flow. The selection of what is recycled, amount of recycle, and arrangement of re^cycle flow 
will depend on economics and the designer's jiidgemeint as to which benefits are most 
desirable. To aid ^,discussing recirculation, possible flow diagrams for small trickling filter 
plants are shown; in Figure 9-5. These diagrams tod. the benefits of recirculation for use in 
small plants are discussed b.elow. 

Originally, trickling filters were_lQWrLate units which did not use recir9ulation. As the. 
trickling filter process: W/as developed, recirculatioil was found to bcreaii^ the remov 
BOD and was thus, provided in the desi^ ;^f:.i^^^ and high-ifate units. IfCthe*^ 

hydraulic loading reached those of the.supei;^^^^^^^^ it was found thata^further increase' 
in. loading by repffgulation was/jrt^ benefieia^^^^^^^^^^ is providei^^ for m^any su|)err 

rate units but is.ifsi^tp for maintfenance-^b^^ wetting ri^j^::: 

Recirculafjyp^i his/ many be^^efits in .thi'usd and operation of trickling "filters, 

depending. On the>.ciWof filter and the gonditions of installationr^me factors requiring 
considerationinciude the following: ^ , . -I 

1. Dampening of variations in lofiding. U jqcitcuMqA flow pgsse^thfough a settling 
tank, the variations of daily loadings can be somewhat djaoipened. The,: major , 
problem with recycling thrbu^ settlin^anks is that the t 

and constructed to accommodate»the increased flows.. Consequently, the initial 
cbst is increased; ' k 

2. Maintaining ^minimum flow rates. In m^iny small plantS'-We fld^ rates approach 
zero; in some cases,vi'ncoming flow stogs for short perip^s^ night. Recirculation 
wiU . allow the. unit-to continue bperatioh without startihg and stopping the rotary 
distributor (requiring a dosing system) ^nd will provide' continuous moisture to 
keep the zoogleal film active. In super-rate. filters, recycling is used to maintain 

/ the minimum wetting rate required foruniform wetting of the medium surface. 
^' 3. Reduci(ig sludge handling equipment sludge from a final sedimentation tank is 
recirculated to the primary tank, requirements for sludge handling are reduced.- 
- 4. Dilution of wastemter charact^sticsl Recycle of effluent tends to buffer pH;and 
to dilute strong or toxic waste. 
5. Increasing contact of organics with ^ive microbes. Wastewater is continuously 
inoculated with active biological material. Increased contact time of organics with, 
organisms will improve removal. of dissblved and suspended splidst)y bioflbccula- 
tion and will reduce sludg6x volume (by aerobic digestibn within^ to\yer trickling 
filter). Removal of soluble Organics will also increase. Reaeration will occur in the 
' ^. filters, keeping organisms more active. These factors increase the amount of BOD 
removed per unit volume of medium, thus reducing the size of filter required. 




. 6. .Maintaining biohgicdl j^m su^ain,^^^ 
-colony on media 'iinder ^<Kik^^^^ 
. .' recycled from a 

iv*:- * ■ can- be^kept separate.. -v '■ '.'.y'* ^i^:- .y:*V>'- ^z'- "iv'."-^^ • " ": 

/ /: 7. Reducing' tendency to clog. Recycling cm ip^^ 
v'/-- ; the flow continuous, resulting in a;ni6ie Unifonn and contih^^ 

' solids.. ' -^'ij/ r,^'': ^' i-./V'-''^--;,/"'' ■■"■■^ 

8: Minimizing fly problems. Increased fl^^^^^ 

■ .: filter//-, '^y ' ^'^ '''^ . ■' •* ,-' ^'^/■•^ -"^V/"^^^ 

% 9. Reducing odor Recirculation wiU . provide reaeration^^^^^ will help keep the ' 

' filter aerobic aryi raise the dis[$olyed oxygeh (DO 

influent." . ' ■' ' , -v -' ■ ■ yV. '' 

• :i ■ • * ; ' °\ /•*'- 

Many recycle arrangements have been used ill sniall trieldmg ^ 

a small plant, the flow diagram providing the simplest and nipst ecpnbmical f)rQcess. po^^^ 

should be used, if the required treatment can, be obtained 

shown in Figure 9-5 can be used in the suggested systems in Rgure 9-1/; • / .,1^ ; \ ; . , ' 

Recirculation arrangements (a), (b), an^ Xc) (Figure §-5^ . 

9-1). Arrangement: (a) is the. simplest; -providing recycle back^ t^^ 

trickling filter, without involving a sedimentation tank. This ^rangcme^^^ 

flexibility and may not be-^conomicalif the railge of loadings is ; - ^ 

. •' ■ • y^ ' . ■• ^ ■ y . ':' ■ 

Arrangement (b) does not involve sedimentation tanfo with the 
extreme operational flexibility over varying loading con(fitioris/ Puta^ 
^ control devices can be provided to; Operate the trickling filters in series or pa^^ 
recycle flow around each filter. Additional flexibility can also be ijrbVided 
tion o£ the filter positions when operating in. series. This diagram shows hbN^ ! 
- . jeliabiUty can be provided, depending on the economips of eac^ 

^effectiveness analyses, fld^bility must' be carefully evaluaited and provision.^^^ bp jT?^de - 
^ .'forasmuch flexibility as jpossible/^ V 1 ■ \ ". \ ' 

Arrangement (c) is similar to (b) and provides the same flexibility. The r^irciUiatipii passes : 
' through the sedimentation tank, requiring the tanks to be sized for process flow .^lus . , 
^« recycle. This arrangement. would increase the- cost of the tanks but may be justi 
shock organic or toxic loadings may OGCdr. V - 

Diagrams (d), (e), (f), and (g) show flow arrangements that coul^i be used in Systems B; C, 
and D (Figure 9-1). Arrangement (d) provides direct recirculation (similar to (a) land b)) and 
can' be used for a unijt in any position of Systems B, C, or D (Figure 9-1 ). Direct recycle 
wbuld be simple to provide, and therefore, cost effective, imless dampening of loads ^i 
-required. Gulp (12) compared the performance of arrangements (d) and (e) and cbncluried 
that the effluept quality of (d) was at least comparable with that of (e). Gulp also found 
' ; that there was less tendency toward filter ponding with direct recirculation. 



/ Arrangement (e)'could be used in System B (Figure 9-l) for the first-step filter; Systems B, 
C, and D could use arrangement for first and/or second steps. Arrangement (g) could be* 
used; in System B for the first-stfep units- combining' sludge re tdfn to ^ the primary 
sedimentation tank with recycle. . ■ > ' ■ ' ' 

THe arrangements^iscussed^^re suggested for use in designing small plants. Many possilfle . 
arrangemients (iiot all ihclyded here) can be used to provide control, flexibility, and 
reliability. Fiiial seiectiph will depenxl on the ccJftsiderations mentioned above. • 

The amount of recycled flow. can be more important than .the arrangement, and a nurhber of 
ptim^ing combinations have beeno used to provide^ the required amount. The recirculation^ 
fatio is generally kept between Oi5 and^4.0, ailbgu^ ratios of 10 and above haye been^^sed 
(2). Galler and Gptaas have determined that rations greater than 4 are uneconomical ancT^o 
not increase efficiency (13)^ --'''^^j- • ' • 

Depending on individual requirements^ vanouS. pumping art|tig^ have^ been iised to 
iirovide the amount of recirculation required. I^umping can be iprovided to recirculate: 

. M. ... AiPlow' flows ' • ". ^ ' V ' • ^ ■ • . " 

' v - ; - 2. At a constant rate at all times ' j * . ' ^ ' 
■ i- . 3; : At a constant percentage of waste>yater flipijv * r * , 
: .4. At a rate inversely proportional to^astewater flow \ - 

. ' 5. At several constant' rates / . . \ • • 

■ ■ • ■. ' ■ ■ . . ' • / . ^ ■ ■ ^ ■• ■ . , ■ ' ,• 

The (Control of pumping' can be automatic.^(gf9Cording' to preset Values) or- manual (by the 
plant operator). Automation will depend on pknt size, staffing, ^t(5^ . a 

' ' ■ \ ■■ ' ' . \ ' •. .' ■ \ '■• ' ' • ■ ■ ■ ^ ■ 

/ ■ : \ ,'9,1.5.6 ' Filter Depth-V. ■■^'i . ■fet""--' .i ■ -'^ ; 

The depth of trickling filter media . is important in d^ign, beciause i^f thfe relations oif depth 
to contact time, flow distribution, ventilation, and. loading (both hydraulic arid organic). 
With some deep low-rate filters, a degree of nitrification has occurred as an aldded benefit . 

'^^to the treatment, ^ / -'.y-/.. '..'■::]&■■.' ■\. 

■ ■> , '. .."'■Z,::.:', :\ ' ^' ■ 

:;"^Jiejjrelati^ ..imppirtancevpf depth deperids oil^the tyjje of filter. If bulk-type mpdiav^ei^^^ 
• ^pth of 6 tc^. 1 0 . ft ( 1^8; to 3.0 nri) for low rate and 3 to 6 ft (0.9 to 1 ,8 m) fdr intermediate^ 
. "w^high rat^'S-p. adequate. The selection of depths within these ranges can be.based.on ; 
b^ncing wittf^tKl area, to keep the V ■■■J^^.-- -' • >■ 

If mSelular-type media are usedy depth becomes a major design. 
. manullicturer^ have rtiaximum' and n)inini4im depth recomm€nSatibris:M^^ of 10' 

ft (3.0 nljas ''required, *^ — - -^w^^^^kt^ ^^♦^^♦..a^ o^v^ton^^^wr^w^v,^ a:.^^^.^^ 

wastewater within the 
usually contrblled by the cost . 
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■ ■\ 9.1.5.7. " VeritUation . . • : : ; * • * : . ■ ^ 

As an aerobic bipldgical process, a trickling filter system requires air to operate, making, 
ventilation an impoitaiif ' design consideration. Ventilation provides oxygon for the aeroljic 
organisms and purges the System of waste giases.;; ^r- 

■■ ■ ■ , ; " , ■ ^ • ■ ri., • ■ ; ■ ■.. ^.^ 

- Natural vQptilation in a -trickling^hlter- is caused by the difference in temperature betwefo-^ 
the ambient air and the wastewater! Heat exchange between the wastewater and the air 
within the medium changes the air temperature, resulting in a density change which sets 
up a convection current within the filter. During warm weather^^the air is cooled by the 
colder wastewater, raiSing the density and thereby causing a downward flow of air. During 

cold weather, when the wastewater is warmer than the air, air floW is upward. 

• •• • . ■ - ■ • ■' .. . -.. ^ 

In d6j5igning a.unif, natural ventilation can be achieved bj^ (14): 

1. Designing underdrains and channels to flow no more than half full at maximum 
day flow 

2. Providing ventilation manholes at both ends of the main collection channels 

3. Providing an open area of slots in underdrain blocks not less than 15 percent of 
the filter area 

4. Providing 1 ft^ (0,1 m^) or more of open ventilation, including manholes or vent 
stacks, for each 250 ft^ (23 m^) of filter area ^ 

Some, filters that are extremely deep or heavily overloaded will require forced ventilation. 
In such cases, a system using reversible fans will provide ventilation, supplementing any 
available natural ventilation. The design of such a system should provide 1 cfm/ft? (0,3 m^/ 
m^ -min) of filter area (14). 

If trickling filters are operated in extremely low air temperatures, thei airflow may have to 
be controlled to prevent freezing of the unit. The airflow requited by the filter could be 
reduced to about 0. 1 cfm/ft^ (0,03 m^/m^ -ndn) of filter area. This conditipri is very impor- 
tant in modular-type, plastic* medium towers^ which are extremelj^^^ef^n and allow high 
airflow conditions within the unit. 

Manufacturers of modular-plastic media ^ave differ^j^tife^nimendations on the amount of 
ventilation area required.. These recommendations ificlude 5 to 40 percent, of the tower 
surface area, 1 to 2 ft^/ 1,000 ft^ <0.3 to 0.6 nl^/lOO m^) or 1 ft^ (0.1 m^) for each 10 to. 
15 lin ft (3.1 to 4.6 m) of filter perimeter. These figures are useful as guides to the amount 
of ventilation required. The actual design should: provide adequate ventilation area, which 
can be adjustable for use as required. 

9.1.5.8 ' Temperature 

■ ■ • ■ .♦' . 

Low temperatures will affect any biolo^cal wastewater treatment process. The effects may 

be physical (freezing), biochemical (slowing reactions), of biological (lowering biological 

activity). The trickling filter process may be subjected to all of these 'conditions. Reduced 

■■ . ■ • ■- ■ , , ; " • ..■ ;t ■: , ■ 
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wastewater temperature will slow down biological activity, reduce settleability because of 
a change! in viscosity of the wastewater, and reduce ^the gas transfer efficiency. Low ambient 
air teihiperature will tend to lo^wer wastewater temperature and can^cause ice formation on 
the units. ^ . "^^^^ : ^ * ' 

A study of trickling filter plants in Michigan (15) compared^he efficiencies pi the units at ^ 
mean air temperatures of 67° to 73"^ F (19 to 23' C) and 25° to 3 1'' F (-3 to -l'' C), for a ' 
period of 3 years. Some. conclusions are: * .K>A^-'. 

V • ■ , . . • ■ - • 

* ■ ■ 
1. Theice is a significant difference , in efficieqjttes between sunimer and winter 

months. ' ' * . ' 

, 2. Recirculation of wastewater ha^ a marked cooling effect duftng winter operation, 

* with a decrease in efficiency: , ' 

3. Lov^j^ air temperature has more effect^on plants that recirculate tha^i those that 
do not. ' ' ' 

4. In plants that recirculate, the efficiency .changed 21 percent betweeif wirtter and 
s^g^mer operatfon.4 

5. Filter efficiency v^^as affected by reduced natural ventilation in plants ncpt recir- 
culating, if the ail and wastewater temperatures were the same. * - 

A study of cold weather operation of rhodular-type plastic media in Canada (8). concluded 
%at: 

■ ' * ' < 

1 . Although ambient temperature^ varying from -1 2. 1 to 86.9° F (-2W.5 to 30.5^ CJl 
were, (encountered, a variation of only 52.7° F (1 1.5^ C) was observed in the 
influent wastewater temperature. ^ ^ . ^ 

2. Operation of ,a full-scale, modular-type trickling filter should not present any • 
special problems over and above those normally, encoun{e||0 in any biologiCal 
waste treatment process. . 

3.. A modular-type plastic packed trickling filter can be shut down for several days 
. \ • during subzero weather; within 24 hours of startup, the rea^vated biota should 
attaii> a level of efficiency greater than 90 percent of their onginal value. ^ 
4. Heat loss at the fixed film and Hquid interface was negligible once^rough 
applications^ Cooling did occur after discharge from the column of packing. Thus, 
^ recycle is provided, drastic decreased in tower influent te^nperatures may resulft 

If units are designed for use in cold areas, a number of special considerations are required, 
particularly with regard to the drop in filter efficiency during the winter period. In some 
trickling filter systems, the change in efficiency may be' compensated for by the following : 

1. Small filters may be enclosed in or placed next to a structure in which heat is 
available, to prevent problems<during extremely cold periods. 

2. Recirculation can ^be provided with controls that would allow reduction or shut- 
■ off during cold weather. ; ' ' ' 

3. Continuous flow systems with fixed nozzles can. be designed to reduce icing 
problems. 
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4. Clearance, can be provided between the rotary distribution arms and filter^walls 
and mediumyto reduce *the chai\ce/of stoppage caused 
* 5. Drains can be provided to allow draining of the distribution system, when it is 
shut down in cold weather. - ,> 
6. Filters cart be placed in areas protected from winds with high sidewalls provijling 
wind protection.. ^ 
7 ' r "7." If multiple uiiits are used in p'afalleircontro^ be prbvidedld'shuf dbwfi some 
un;ts (which can be restarted quicklyi during cold periods, providing greater flows 
for units that would continu.e^ operate. 
8.. Covers can be provided to protect the filters from wind and to control ventilation. 
9. Ventilatioi} ports can be provided >yith controls to regulate air flow during cold 

periods. . « ' 
.10. Filters can be designed to compensatq^ to some extent for the effect of 
temperature: . ' v . 

^ ■ * ■ ■■ ■ ■ ■ ■' " . . • , * . 

The effect of^temperature on efificiency of a filter can be estimated by the following relation 
(5)(16): 

, 4 ■ ' ' ■ 

... . «^ ■ ■ . • ^ 



whete 



= filter efficiency at femperature T 
Ejo = filter efficiency at 20° C : . 
T = wastewajter temperature, °C ' ' * 

' 6 = constant varying from -1.035 to 1.041 

■ . * ■ . • ' ■ ' ' • •■ " 

.9.1.^.9 Miscellaneous Concepts , ' ^ • 

In addition to the factors affecting performance discussed previously, factors affecting gver^r:^ 
. all design and'process s^fection arQ, listed as follo\ys: % . . . 

1. Noise. Trickling filters operate with Uttle n^ise, because comgiiessors or aera^^ 
are not usec^n /f ■ \ . ^ « 

2. Antifoam Requirements, Antifo^m spray systems nonnally are' not required wit)i- 
in the trickling filter process. „ ' ■ ' I*.:* 

' 3. Plant Odors. Due to inadequate design and operation, aerosols and odors may be 
generated from a trickling filter. Anafirobic primary clarijpier^effluent, inadequate ^ 
^ ' ventilation, dr^nage, i5r excessive organic loading can lea4T|to anaerobic^condit^ons 
^ cause odcw pollution/ The odors or aerosols may became windborne from 

' distributor arm discharge, n- • * / 

9".1,t5 Design Formulas and Critena ' ^ 

^Although* trickling filters relatively simple t# operate and maintain, sizing of the units 
(medium, volume,* and depth) i?i often 'difficult. There h^ve been mtny attempts to develop 

*^ 9-19 • 
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methods for sizing these units, with varying degrees of success. The difficulties are the 
number of variables to consider; the amount of variation in each panShetef, and the inter- 
action of each. Analyses of operating data have been used to establish equations and curves 
that best fit the available data^ Results of these analyses have led to the development of the 
following formulas or design methods: - 

1. Ten States Standards . 

, • * .• • . ' 

2. National Research Council formula 

■ . 3.. Velz . ' \ . 

4. Schulze ■ . * 

5. Echkenfelder ■ * . .. . 
^. GalleF-Gotaas ' T 

These formulas are presented and discussed in several, other pqblications in detail (5) (17) 
(18) (19) (20) (21) (22) (23); therefore, a duplicate discussion will not be presented here. 

' Although these formulas represent attempts to include many of the variables^Xhat can^ffect 
trickling filter operations, the use of any one of these forniulas does nbt universally reflect 
the actual performance of filters. . v 

In using these formulas, the engineer should take care to use the one most suited to the 
specific design conditions. None of them is generally applicable to all conditions. Figure 9-6 
is intended to provide a guide fdi* selecting the proper formula. Some of the formulas have 
been jjeveloped for specific conditions (e.g., the Schulze formula for synthetic media with- 
out recirculation). Other formulas may be mo^e generally, applicable but may not have been 
developed sufficiently in some of the areas. For these formulas, only the most suitable uses 
are indicated on the chart. 

D^^n results using^fferent formulas for the same conditions are summarized in Table 9-3. 
The summary shows the wide variation in volume found, using these formulas for equal 
de'sign conditions. ' v 

The examples used for the table weje not for optimum designs. Using an iterative process, 
varying some design parameters, ^n optimum volume and configuration can be established. 
Within this iter^^v&^*©cess, care must be taken to include economics in selecting the best 
design. It'will be up to the designer to make the final decision on volume and configura- 
tion. Wherever possible, flexibility in parameters such as recirculation or ventilation should 
be incorporated in the design, to insure the capability of the unit to operate adequ'ately 
under actual corfditions. 



9-20 

264 



DOMESTIC WASTEWATER 



INDUSTRIAL WASTEWATER 




TEN STATES STANDARDS 




ROCK MEDIA : ; 






NATION'al' RESEARCH ■' 
CODNCIL FORMULA 


\XY ' 


r r-y*— — • — ^ 

• . ' ■ f 

SYNTHETIC MEDIA 


* 




ECKCNFELDER FORMULA 






■ a 


^' 6ALLER-G0TAAS FORMULA 










^ VELZ FORMULA , 

■ r 


/ / 


WITH RECIRCULATION 

' V 




{ ■ .. ^ 




* SCHULZE FORMULA 


1 — ^ — 1 

WITHOUT RECIRCULATiON 




• 

FIGURE 9-6 




'■ ' . V . ' ' ' 



APPLICABILITY OF TRICKLING FILTER FORMULAS 



9 



ERIC 



UBLE9-3 



SUMMARY OF EXAMPLE DESIGNS 



Conventional 
Design 



One Step Two Step 



Scliuize Eckenfelder Galler-Gotaas 

(Plastic Media) One Step Two Step ' One Step • Two Step 



BOD Removed, percent 
fiiiiStep 

,Bp||;Removcd, Percent 
SfecondStep. 

BOD Removid, Percent 
Total 

Recirculation Ratio» 
FintStcp 

Recirculation^, 
Second Step 

Filter Depth, ft 

Volamc,ft' 
OneStep ' i 

Volume, ft' ■ 
of Jwo Steps 

Volume, ft^. ■ \ 
Second of Two Step^ 

Volume,,ftf. ; . 
Total of Two Steps , 



83 



83 

2.26 



J -r 



'8,090 



83^ 



83 
1.0 



8,090 26,500 



Notes: f.-,. All filterjof rocic medium, except Sdiulze. . 
' 2. Wastewater flow, 0.5 mgd. 
lPrima^i(effruentBOD,140.rag/l. 
*^.-,FycfDucntpOD,'24mg/l. 



60 
57.5 
83 
1.0 

1.0 



2,510 



83 



83 



0.0 (Design) 
2.0(AtMin.) 



18.5 
7,550 



5,100 ' 
26,500 7,610 s 



7,550 
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83 



83 



1.0 



6.0 



11,500 



60: 

57.5 ' 

83 

1.0 

1.0 
6.0 



1,080 
5,500 



83 



83 



1.Q 



6.0 



48,000 



57.5 
83 

1.0': 

1.0 
6.0 



3,168 

■5,000' 



11,500 6,580 . 48,000 ■ 8,168 



9/L7 Example Designs 

9.1.7.1 Site and Wastewater Characteristics 

Principally domestic^ wastewater. / ' v 

' ^. Land available for purchase as required. . * . 
. • ' ' Site is flat, located next to a large river. 

Influei^t^pPs/nig/l 200 

• • Influent SS,;mg/l • 250 

■\ v>fluentNH3-N,mg/r ■■ , 20, 

;\ :^ Flow,gai/cag/day • , ^ ' - ■ . ;106. ' 

^ P,eak tD^vet%g6 ratio ■ , " • 4:1 

■ : Average td mirtimum ratio; ' ; 4 :1' 

• . ; Population -y' yv vv ■2,0Q0.> 

-. ' . ; Iifinimum wastewater ternperature, '> ' 45° F (7°;G)- . . ; 

. ^ ^linimum ait teniperature,* ' . ' , 14°.F (-JO'C) ; 

■• .fH range , ■■: -7.2-^) 7/8; V 
. ' Hejiane Solubles, mg/ 1:; //' ^Z'.,' -'.C^ ,1^ ■ 

■;■ ' ' - . Effluent BOD, mg/1 . _ ; \ , ; . : : v <30 

.''i ' , , EfflflentSS,mg/l : . : ' ' ■ -<30 



V 



where 




E = ■^ii'^^j^-of BODj removed in a single filter 

f load influent; to the filter (lb/day 8005) = (8.34) QLi 



Jrvolume in 
K ^f^|onStajit 0.056 



1,@0'0' ft^ or acre-ft 
.foT.y.in 1,000 ft3 and 0.0085 for V in acre-ft 
1+ f 



F^p^pYe^culation fa :t0T=^j + ( 1 - P) r] 

' i^pbrailion of Boi^ available (0.85 < P < 0.95); generally, use P = 0-90 

■ '■Q^-?fl^wVate(mgdijJv::'' ■.' 

jj^X^;t= recirculation''ratio, bir ratio of recycled flow (R), to total plant influent 

Rearrangin|^|erms ahd* Mvinii^l^ rock medium volume in 1,000 ft^ for the first step filter, 
theNR^of^a^tri^bmes; J^^^^ ' -■• ' 




r(l + 0.1r)2 ]r E 1 



= 0.263 QLi 
ary effluent = (200) (1 - 0.3) = 140 mg/1. 



: ^'E'f|ieig3prSf a single filter (E) 



. ^ 140-30 
■ E^" : =0.79 



140 




?M-.#ihg NRC formulai 



V = (O.0263)(0.2 mgd)(140 mg/1) 



Toj/I ro.79] 



N= (0.0:263;)(0.2)( 140)(0.605)(1 4. 15) 

. ■ , -, ■ 

V = 6.30 or 6,300 ft3 



Gi^l^a depth of 6 ft (1 .8 m), determine area and loading rates. 

mi 

' , 6,300 
Afea=-^= 1,050 ft2 
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• p^_4A_ (4)( 1,050) , - - ' 

• ' ' ■' ' ^ . " ' 

' D = 36.56 ft ' / " ■ ": . ■ ■ ' 

A 40-ft-diameter (12-m) trickling filter would provide additional area and volume for clear- 
ance at end of distributor arms and area at .center column. 

Actual area of stich a filtet: \ . 

■ 40-ft diameter (ovefall) , ' • 1,257 ft2 

Assume 9-in. arm clearance . ^ 

(periphery loss) * — 93 ft^ ' y:\ 

and 3-ft diameter for center 

column (center loss) — 7 f t2 



Actual area. ^ 1,157 ft2 

. • ■ . ♦ ■ - ■ . , 

Check hydraulic loading. 

Eac}i filter designed foi\0.2 mgd plus 0.2 mgd recycle oi; 0.4 mgd. 

c ' (0.4)(43,560) ' ^ 

. Hydraulic loading = =-15 mgad 

Check orjganic loading ' ' 

•'■••/■■ ' ■ \ ' . . ■■ ■ • 

/ Actual volume = (1,157)(6) = 6,942 ft3 

* •Or8anicloading = "^'^"ti'°-'' °"-'^/'.''°°»^ 

<6.942) , 

Both loading rates are within the high-rate filter ranges (Table 9-1 ). 

■'■ ■ X ' 

To allow operation between a maximum flow of four times the average (0.2 mgd) and a 

minimum flow of ohe-fourth the average, the plant must be designed with great flexibility. 

One method of design is to operate two filters in series, up to 1.5 times the average flow of 

0.3 mgd, with 0.2 mgd recycle (total 0,5 mgd). Operation in a series maintains the biological 

slime in both filters during low flow conditions. If high flow occurs, the units should be 

switched to parallel operation. Each unit would be able to handle 0.5 mgd, which exceeds 

four times the average or .0.8 mgd maximum flow. At extreme maximum flow, the recycle 

>y6uld be reduced to zero, with 0.4 mgd tQ each filter. Operation with recycle an^ in series 

Vvill result iii higher 'costs, but will provide better than average treatment up to ^vi^b times 

the aj^erage flow. Above this amount, the treatment will be reduced, 



' If. the two units operate in series up to four times the design flow with 0.2 mgd recy.cle,^ 
maximum flow through each unit would be: 

' • ' (4)(0.2) + 0.2 = j,0mgdor694gpm 

Minimum flow design may be controlled by minimum plant flow, minimum required flow 

■ ■ ■ . ' • ' ■ »>■>•■' ' ' 

for reaction distributor, or mii)imum flow plus, recycle. At low plant flow, recycle may not 
be required, except to maintain a minimum wetting rate, or rotation of the distributor. 
J. Final selection of maximum and minimum flows to the distributor must be based on operat- 
ing conditions and the limits of rotary distributor design. 

. Minimum pfent flow = 0,05 mgd or 35 gpm 

» With 0.2 mgd recycle = 0.25 mgd or 174 gpm 

Using the available recirculation, of 0.2 mgd or 138 . gpm, the units can operate at minimum 
flow plus recycle, requiring a rotary distributor with a 4 to J raqge (from 700 gpm 
maximum to 175 gpm minimum). . 

Recirculation System , > , 

Recirculation for this process should be provided around each trickling filter, with a maxi- 
mum flow rate of 0.2 mgd. Control of each system should be provided to operate the units 
with any recycle.rate at design flow and to reduce the rate as total flow reaches the capacity 
of the distributor Below design flow, control of recycle will be required to maintain 
minimum flow to the distributors. 

UnderdrainMnd Air Vent Systems - . 

. For a rock trickling filter, the use of vifrified clay underdrain blocks will provide adequate 
support of the medium and adequate space for air flow. The blocks will be placed on a floor; 
with a pitch of 1 percent to a center 8^^^^ 

Design the center channel for a minimum velocity of 2 fps (0.^6 m/s) and to flow only -half 
full at;0,4 mgd (0.018 m^/s). / ^ V. 

' • ■ * ■ ■ ■ 

Channel cover blocks are available in lengths of 16, 18, 24, 30, 32, and 36 in. (406, 457, 
610, 762, 813, and 9 14 mm) and require 3-in. (76-mm) bearing area on the ends. . , ' 

. ; ' . 9.1.7.3 Design of Plastic Media Tripkling Filter Pl^nt 

With plastic media; the Schulze formula can be used. This formula is: 



ij = e-(3KD/Q" 
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, where 




Lg - BOD5 of unsettled iHFeffluent. mg/l 

Li = B0D5 of filter lnflii^,"mg/l - 

fl ^ 1.035 Cr-20) . - C: 

K = constant (treataibility) ^ 

D = filterdepth, ft ~" 

Q = flow rate, gpm/ft^ 

T = temperature "^G. V 



Additidml design conditions^ ^ / ' . 

. I. Design glastiG-mediun'Pfl^^ 
2. Provide nitrification duririg dry-weather months at maximum dry-weather flow 
(assume maximuin dry-weather flow is approximately equal to average daily flow). ' 

Sting of Filter 1 . ^ S 

<■'•■■■, ' . . ■ '■ ■ , ' , ■ . .■ ■ • ' ■ . ■ ■ ' " 

Determine treatability of wastewater by. finding the weighted value of K, given the BOD5 
• load to the filter ,for.each component, ias follows: ^ . 



Component Flow BQDg , Load 
mgd ' mg/1 lb/day 



Percent 



Domestic 
Industry 1 
industry 2 

Totals 



0.15 
0.04 
0:01 

0.20 



.140 
119 
228 

487 



,175 
'40 
^ \9 

■ 234 



,75 
17 

8 , 

100 
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K values based on previous studies; 



Kat68°,F .Fraction 



Domestic 
Industry 1 
Industry 2 . 



0iO8 
0.06 
0.02 



K 



(0.75) (0.08) 0.0600 : 

(0.17) (0.06) ,0.0102 

(0.08) (0.02) 0;0016 

• ' '0.0718 



Determine required depth:. * 

Assume n = 0.5 for medium used and Q = 0.85 gpm/ft^ 

' ' 0 = hp35.(''-20> = 0.639 >. ' '/'::[: 

. . T /T ^ - (0.639)(().0718) a/(0.85)0-5- 

■ ^ V 140"- ., , ■'. 



0.214 = e = g -O.OSD 

: , Ln (0.214) = -0.05D ' . . ; 

■ .■■ ■ > ■ ■-■1.54-- ■ ■■' ■ ■ 

, D=-— — =30.8ft 

Two 16-ft towers would provide the required treatment at 7° C. 
. Determine surface area: . 

: At 0.85 gprn/ft2 (note: 0.2 mgd .= 138 9 gpm) •. , . 

■ ■■ -H^ ■■ ■ . " ■ 138.9- '■■ ' ■ ■ ■ ■■■■ ■ ^ 'y .' ■ 

Area -—= 163:4 ft2 . • >• ' 

■ 0.85 - .. ■ ■ . :. 

If circular 'towers are used: 

] O'-S , rr4Ul63 4^1 0-5 

- 14.4 ft 



D = ji^j ^ | (4) (163.4) j O S 



^ U§e 14-ft diameter towers. 



■ ■ • ■ ■ • . 

Check actual surface loading: 



• s / TT (14)2 ' 

•^^ Actual area= yV^ =153.9 ft? ... 

' ' 1389'' ^ * ■ .■ ' ■ ' 

; . Surface loading = 

Check efifluent quality with two towers, 16 ft deep with 0.9j0 pgm/ft^ surface loading' 



Le/Li = e -(0.639X0.07 lS)g2)/(0:90)0-f 



Le/Li = 0.21 'I ^: ' 

: . . ' ' ■ 

Le =^'0.21(140) = 29.4 mg^^ 
Nitrification design ^ 



Check warm weather operation of towers in series. " , . -y^..-^ * i;' 

Effluent concentration from first tpvft^f with minimum wast^ii«^t^^^ -t^^ 

(a normal mihiinum summer teniper2iture>: ' . ' ■ ^ 



V Effluent BOPs from first tower =. (0.38) ( 1 40) = 54 mg/'l 
Volume of one filter= ^^ ^^^^^^ ^ = 2,463 ft^. - 

"■ ' ■ . ' . ■ ■■■ ■ . '. . 

drganic loading 6n second filter. ■ ^ . . ' . / ; 

) .(54) (8.34) (0.2) 



= 3 6.6 lb BOD5 / 1 ,000 ft3 /day 



This loading does n6t "rineet. lihe five to eight range 'desiredj'^fts discussed in Section 9. 19). 
Try with effluent from both" tovv'ers or one tower 3^ ft deep with additional fij^ter or filters 



for nitrification. 



Effluent BOD5 =(0J5)C145):r= 21 mg^^^^ 
BOP5 loading- (21) (8.34^^^^^ : 

At 8 lb/1,000 ft3/day, volumd^4;375 ft?^^ 

■ ' ■ .;■ . ■ . ' > . .■ ■ ^ ^ 

. At lfft'diameter,depth4= 28 ft , V . -v 

. • T\yo 14-ft diameter towers, each 30 ft deep, would provide nitrification in 
' ' wfrm weather and could be designed to operate in parallel during high'^ 
. ^ Aow periods. - . • 



Checjk^yjlxaulic loadijig rktes 



^ Maximum Jbading ^ 555.6 gpm/ 153.9 ft2>= 3.6^pm/ft2 (each filtQF) 
Nlininiunj hy^^^ 

Minimum flow rat6=(0.5)(153'9>=7^.95gpm ' - 



■ Mjnimum-jplant flow = 34:72 ' • „ * 



Therefore: 77-35 = 42 gpm recycle is xequifeA at nwn flow. 



Rot(try DMribup^^^^ ' ; 

v"'- -^'-^^^^ ■ ■ ■;; ; . ■ . 

? A^^pt^^distri be selected as in the previous example, using 280 gpm maximum', 

: ^S^lp^ and 3.5: 1 range ,f6r a 1 4-ft4i^ete trickling filter. . ^ ' . . , . . 

' • ' ■ ■ . ' ' '\ •■ ' ' • ■ • . ' ■ • . V ■ 

« ! . '9. 1.8' ^.'Clarification Requirements . 

Desigii of clarifiers'/or a trickling' filter plant requires consideration plVthb^tqb^ 
of unit processes- type and loQatiori of recycle flowC?), filter lQading ffites,'arid;typ^ 
ment provided. Clarification jjyduld .normally be provided; as 
infemjediate sedimentation, pi- final Isedimentatipn; In small pl^iits, the>,elimination,or * 
. simpli(icatip.n-of a .process is desirable. With proper design of the'^c.ornptete pro^c^ 
sedimentation steps c^n be simplified or e " . . ^- : 

In Ohio and .Mainp,v prarlts have been designed , and operated . iXisixig : ' ; 

\(wedge\y ire) screens in ^ place pf prirriary sedimentation Jbefore plastic; medi^^ 

- •filters. The Ohio installation (2,3 mgd), as discussed by: Wittenm^^ 

raw w^stbwateir screens can replace commiifutors arid pnmaiy^jarifi^^ trickling . 

. filter and allow ol^eratiQri of the filter with rotary distributor, witn)3uti^^ ; 

A O.lSiSfigd (50,000^. gal/8-hr .^day'' 1557 m^Yday]) plant; irt^ - ^ 

. , operating qrj wastewater from a/school, using fine screens prelpeding a pla^ inedRim.,tower 
wiih a .fixe)d nozzle distribution system* Cloggirig has occun*ed only abou 
and .pnly in the last nozzle at the end of the di^tributipn pipes. Clogging fh^^^ 
* cleaned knd is^not considered a serious probjem {16)- This ex^mprle. illustrates that primary 
sedimentatibn cari*^be replaced with, fine screens" on srhaU plants treatirig^omestic waste- 
wateir, \yithout clo^^ing the tricklirig filters. ; ^ : . . ; . v ; : ^ ' 

Intermediate sedirhentation has. been eliminate^^^ aV ' 

. trickling filter and ah activated sludge.process m many pldjrtts, re^ the isludge handling, 
st/p^, airid simplifying the'prqcess: . ^ ' ^ ' 'j : 

• ■ •: . ■*/ ' '•■ 

Ip designing k system to eliminate* intetmediate settling, the following factors m usefuk:- 

1 .; "a .filter >yithout ^ntenriediate -clarificati^^^^^ used, the percentage BOD.renTOBSv 
^ : J^ri .the.^f^^ bet^veeri^^jiliot percentage differeric^).^^ 

' with clariBcation ■m'' \; "^T 

■ ' 2. If a tricklihg filter .is used preceding the activated sludg'e process. 

- , ' med^te settling;;^e humus splids would b . *: 

the. unsettled , (or- soluble) BOD wo'uldVbe considered .lasj^^load on . the; activated ' ^ 
V . ' sludge pfocess (10); ^ • : . ; ' 

The design of a clarifier to rpmove sloughed •trickling filter solids (hum.us or .fixed filiji- »• 
solids) is sirtiilar. to the design pf r^w wastewater sedimeritation tanlcs (see Chapter, 6]i' ^ 
Humu,s is generally move, ddhse and will settle to higher sblicis concenttation faster than ' . 
activated sludge. The amdunt of solids;t6 be separated would be low compared to ^ep \ 



of the mixed liquor suspended solids; therefore, the design is controlled by hydraulic 
loading, not by solids loading. \ ' 



Production of humus sludge depends on waste <jtaracteristics, loading, type of medium, 
and other conditions in a biofilter. An average of 20 to. 30 percent of theBODs removed is 
converted to sludge (domestic \yastewater or carbohydrate wastes), if no distinction is made 
between soluble and insoluble components (27). .The amount of dudge requuing treatment 

and disposal would be less for trickling filters tha;i for activated sludge systems. „^ 

. ' • ■ ' . .rf>'^-'''' ■ 

Humus sludge, which sloughs off a trickling filter, settles more readily and is more easily 
dewatered, than are other secondary sludges. The anaerobic action occurring at the surface 
of the medium and the resultant reduction of volatiles in the growths probably account for 
the increated denisity of sludge. A sludge concentration in the final clarifi^r of 3 Id 4 percent 
solids can be easily obtained, compared to 0.5 to 1.5 . pejfcen t /br ^^tivated sludge (27) 




If activated sludge bulking is a problem, as it is "with a s^^|Pptbohyd&t(^aste, trickling- 
filters may be a practical solution (28). 

'V '■ ■ • " ■ ' ' 

In.additidii' to the requiremifiits for design discussed in chapter 6, trickling fQter sedimenttll 
tion tanks §hoiiId be designed for a hydraulic loading of 1,000 to 1,200 gpd/ft2 (40 to 48 
m3/m2»d) for peaJc flQW conditions (5). In small plants, the peak flow is very importiant 
because of large variationM^iflow. f- ' 

In plants receiving large amounts of hexane solubles, primary clarification with efficient 
skimmers, or^ther grease removal devices, are required. Excessive grease can clo§ nozzles 
ar\d reduce filter perf&rmance by covering the biomass. Limitation on quantities are similar 
, to those for activated sludge processes, as discussed in Chapter 7. 

^ ■ . . ■». ' ■ ■ * ' " ■ 

9.1.9 -Nitrifjcation \, ' - 

Nitrification, as discussed in chapter 13, can t)e accompl^lied by biological treatment. 
Trickling filters will bring about various degrees of nitrification, depending on deptli, size 
ai)d type of medium, loading, liquid temperature, carbonaceous matter in wastewater, 
pH, and the preslhce of inhibitors. . ! 

Balal^hnan and Eckenfelder (29) studied nitrification in trickling filters, Usin'g'a 6-ftrdeep 
(1.8 m) laboratpry scale unit, and correlated data from pilot, plants and plants reported in 
the United States and Great Britain. These studies included trickling- fitters with bulk- 
packing media Xe.g., broken rock and blast fumade slag) and some manufactured bulk media 
(e.g., Raschig rings and Berl saddles). ' ' .. ' 

Conclusipns of the studies are: ■ : 

1. Hydraulic loading significantly affects the degree of ni^nfi^Mion which can be 
iobtained. In the laboratory model, nitrification d|Xipjpfe3^fr^ 72 percent to 52 
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percent, when hydraylic loading increased from 10 to 30 mg^id (9.35 to 28.05 

ji*,^ 2. ;A;bove a temperature range V^-^^^o 77** F (15"* to 30"* G), temperature had a 
*V great influence on nftlffication. 

^ . ' ■ ^' ■ ' ' ' ■ ■■ ■• • 

< 3. For a given flow, specific surface, and temperature, the percentage of nitrification 

. '^^ * • increased as the filter mediifen depth increased. 

. Duddles afid Richardson (30) performed a detailed rese^a^rch progrSn that demonstrated the 
feasibility of utilizing plastic medium {modular-type) in, a step treatment system to achieve 
. biologicaLnitrificaticlh:Thisstudyi9oncluded thaifbllowi^: 

^ . ■ . \ m 

■ ■ • . ■ . • . ■ . ■ jj^-. ., 

1. Spastic medium trickling filters are> capable of achievirig^' consistent, higji-lev^l 
nitrification (greater than 90 percent conversion), jif operating on a low BOD5 
waste stream (15 to 30 mg^) containing ami!fbniarnitrogeili In the range Gff 10 to 

20mg/L . - - • ^' 

2. Increased recycle provided improved flow stabilization, but had mininial effect 
on the overall degree* of nitrification. ^ 

3. ^ There appears to be 'a fiualeffluejgt limitation foi* rembval of ammonia-^^ 

below the range of 1 to 2 mg/1. ^ ' 

4. Visible *slime growth on the medijiim was thin, tough, and resist^ to drying,^ 
* anici net solids production was low. The SS and BOD5 Jevels in th^ftfiuent were 

not signifttantly different from those in the influent. The tower effluent was 
passed directly 16 a mixed-media filter, without intermediate clarification. 
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In addition to. the above conclusions, the study has shown-that, at hydraulic loading rates 
between 0.5 to 2.0 gpm/ft^ (29.3 to 1 IT.^jii^/rn^ 'd), oiganic loadings should be 5 to 8 lb 
EipD/i,000 ft3/day (0.080 to 0.128 kg/m^-d), for the modular, plastic media tested 
(specific surface, about 25 to 30 ft^/ft^). . . ^ ' 

The hydraulic loading rate should be kept low, and conditions such as temperature; pH, and 
thie presence of toxicants should be carefully considered. 

. . . ■ * ^ 

9.1.10 Equipment and Materials of Construction ilk 

Trickling filters of the rpcjc medium^ type (sho^yn in Figure 9-7) and plastic meidium bio- 
pxidation towers (shown in Figure 9-8) are composed of the medium, a distribution system, 
an ujiderdrain system, and walls. The equipment used for distribution and the materials 
used in walls and linderdrains are important in filter desi^. Media have been discussed in 

Section 9.I.S.2. . - 

.. • • ' ■ . ■ ■ ■ ■ 

The twc\ types of distribution systems commpnly used in the United States are rotary 
distributors and fixed*ibzzle systems. Another type^ used in Europe, "iis a Jongitudinally 
.Hrayelingfdistributor:Ti,ese systems are designed ito provide uniform distribution of waste- 
water over the filter surface, with, continuous or intermittent dosage. The choice oT^stem, 
size,^ and configuration depends on available hydraulic head, variiations in applied. flow, filter 
configuration (round, square, or hexagonal), and method of flow app^cation. 
• ■ • ** ' [ '' * .'. ■ • - " 
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ROCK MEDIA TRICKLING FILTER 
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■ - FIGURE 9-8 , / 

. ^ . ■ ' • I 

. PLASTIC MEDIA BIOOXIDATION TOWER, 




The rotary distributor has. been most popular because it is reliable, providing smooth an'd 
uniform intermittent dlosing with minimal maintenance. The distributors normally consist 
of two. or more arms that rotate around a center support. These arms are hollow and hav^ . 
nozzles that distribute th^Ayastewater on the filter surface. The distribptor is driven by the 
wastewater* discharging from the nozzles on the side of the arms. If the flow rate vanes 
greatly ^or a minimum head is available, motor-driven distributors can be used. For reaction- 
driven xpits, thif speed of revolution normally varie^ with flow rate. The design shoiild 
provide a speed7.»8f^*bne revolution every id'riSBiutes, or less for a t^o-arm distributor at 

design flow. : ^J^* , ^ 

. •jf . * , ■ ■ ■ 

The distributor armt? should be^ designed with adequate adjustments, to set alignment and 
insure proper balance. Minimum clearance . between the . bottom of the arms and the 
medjuiii, or end oj arrfls and walls, should be 6 in. (ISO mm). In colder regions, where icing 
may be a problen?, 12 in. (0.3 m) of clearafhce should be provided. The arm may h^e a 
constant cr9ss section or may be tapered to provide minimum transport yel^ocities at low- 
flows. At maximiftn^ow, tfiefperipheral speed of the arm should not exceed 4 fps (1.2^ 
'm/s). If flO)y viariatibri is great, additional arms can .be provided with weir arrangements, to 
ivflllow use. ^at^ higher flow conditions. The ends of the arms should be pro\^ed witK quick- 
opening gate^ for easy flushing. * ^ 

Distributors can be. obtained^r filters of 20-ft (6 m) diameter or greater. In selecting a 
.dist)Rbutof,^a'unit that can b^ easily maintained and that allows removal of the bearings 
without complete wgsassembly should be provided. The bearings may be grease or oil 
lubricated, l^ith seals similar to the neoprene gasket "type. Mer.cury seals have been banned 
by the U.S. EPA, because of possible contamination of the effluent (31). , 

The fixed nozzle system is not normally used in rock filters designed in recent years. 
H^vever, in plastic medium towers, these systems are being increasingly utilized. The shape 
of the medium lends itself to placement in rectangular units, which can then be provided 
with fixed nozzle systems for continuous or intermittent dosage. Distribution piping and . 
nozzles can be made of many materials. Several manufacturers provide' plastic nozzles, 
which work well with polyvinyl chloride (PVC) .pipe, will not clog easily, can be cleaned 
easily when clogged, and are economical to install. Thi§ type .of systiem c^n be designed 
using the dispersion conduit^apprpach, recojnmended by Camp and Graber (32), to provide % 
uniform distribution (iilustrSted in Chapter 3). ' ■ ' ' ' ^' 

The underdrain system is anotherfciportant part of a trickling filter. This system supports ^ 
the filter medium, provides space for passage of wastewater and sloughed Solids through the 
filter,*JiBnableS collection of wastiewater and solids, provides space for ventilation of the 
..filter.' \ \ / ' \ ;. . 

^Rock trickling filters or other bulk-packaged units 'are norrpally designed using special 
vitrified clay blocks' with slotted tops and drain channels with curved inverts. These blocks 
may be obtame^ from, members of the Trickling Filter Institute (33). 



,The open are^oWhe slots in the top of the underdrain blocks should be a minimum of 15 
percent of th6 filter ^rea. The blocks are normally placed on a floor that is pitched at a 1 
to 2 percent slope toward a main collection channel, . A 



Underdrains for synthetic 'media, filter are< i 
different requirenlents for ventilation and arno 
have xecommendfftons'i for both suppo arid 
Some of the sy'rf^HWRhat .have been used 



All channels should be provided with adequate slope to insure a minimum velocity of 
2 fps (0^6 m/s) at average. daily flow, undenjrain system should be designed so that no 
, *riiore than 50 percent of the cross sg:tion area is''«ubmerged at maximum daily flOw, The 
ends of the^ main collection chaiinaJ^oi|ld be prftyided with open grating manholes, to 
provide ventilation and access for ii^^roion and cleaning. , The' oy^all area for the oi^en 
. grating and vent stacks f placed fafoun1 ^flKba le^Tshould^provide 1 ft2/250 ft2 of filter area 
(14). . . . 

e th^se^'j^or i)ulk-packej^^^^-^l^^ with 
2PQrt./^^nufacturer§ of these^lliedia^ 
lof v^nthi^tipa requirecl, (10) ; 
: ^Iji^cks; cbiTOsion^ 

s]|6wjt in- reretenies (10) 

the m'ediumi:^pect. t^^ |or 
^bblems with ||t^^^ roc^ 
'iBiout walls (die^iriff-the^^iii^ ■ 



grating, or con 
and (11), . . 



Walls for trickling filtis: 
flooding the. filter to ei|i 
filters have been con^t' 
of repose), noilnal cqnst) 




some examples pf 



These walls are,4^i^^*^ \it^.^w 
allow Clooding oMhcf fllt^^ 



_ J^oosists of cone 
' the mejfi 



j:j)e^,ause.^\of /praw con^- 



^filters are itormafly 
structiori limitji aiid ventilati0hK:;ojS^ideratiQris! 

The modular-ty^e mediumv is. fjtsuu'H^ self-suppQrting;Hh^refore, walls are 'rtbrrequired for 



ill 



oilj^iiese units, do hot ^ii'av.e' f^^^^^^^ or-clogging andxiience, dp not require- ■ 

flo.o'diri^f Jife reasons for cqpllfucrti^;.^^^ modular%^ters^^re prp.tectior""^ 

from^ win^'oont.aiiimeH thr^gh'l^'Tnedium, a'lj^gejieral appearaiiceb 

the .to'^^^lp^ Qonstr^cteS abOvegrpund^^ fpr 

fore, ar^^ui^i'^S^^^ used for- ^his'-^pc^pe;.^^^ ha 



nstruction, therer 
^en constructed of 
^flU' panel con- 
the filter, 
are used,. 

'he .waill^^^puld be -sealed' to ^pi;g vent seepage, of ^a^ewaterl^^ 
Seepage^gdri'^tain th/'^ "'^ - ^ r-j.^v:^- _^ 

of tim^. 
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fa/'ovitside of the unit;and detrapt froiiiate' ap&araniCeTB period 



9:1:'^ 1 .Nortfibridge,:Massachusetts,'^ck tric^^ 

NorthbridgeV is located , iri Central Ma^sa^jH^^^^^^ 
Worcester The Nhrthbridge. wastewater 



;efts,"' aboUt -"15 
^tmpot facrlity is loCi 




^-Case' Study 
t 



1; 




of ;tl^aty.,of , 
on ,the Bfacksf&rie';: 
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' ' ^ River,^^Hich is considered class G, base^^M"^ > 
^ Standanif.** This classification requires plant produpe a|i effjiu'e^- 1^ 

Reduce th^ .riyer's diissolved oxygen (D6yb|^ 5 mg/i; cause a pH : 
' to 8.5 ; contain^ chemicals harfnfui. to fish life; or cause unreasonably slud^.d^ tyrbid-;^' 
^, i^J^ity,^ odors pp dkcha^e, or floating sblids. The plant is also reqmred b^^^^ 
* secohdary treaj^ient or less fiOD^ arid SS). . ' ; ^ ; -^^^^^^ g.' ; 

|i To meet these requiremefits, the plant Uses comminution, pimiaiiy sedto^ 
* ■ i^i' rbick* tnckUng' filters/ seccnidary sedimentatibhj sand filter beds (duif rig' loi^f^^^^ 
: pefttods),r and\hyppchl6nhat^^ processing equipment /iiicliidesr^ 

. ^ ^ primary sludg&/ sludge holding tanks, Ghemical Conditioning units, and vaCii]^':;^^^ 
^ , > and gilt" are haUjed to landfill). Table 9-4 stiows^ design and operational.data, 4nd 

'is a schemjitic flow diagram of thd facility. , ^ ^ ^^^^^f^M' ^ ^' f 

Rotating Bioloj^cal Contactors . - : ^ *^ \ ' ' • 



?^ ^v. Genierai'i^escription ; " > ^ 

.* Rotating biological, qontaetprs (RBQ have lieen use'i^ to. a fenEiatexte^^ 
^ , ^ aixdfS^vitzerlan^, ^d are np^^beconung popular in tlje Unitei.State^s^^^ used*" 
* tpr abnpst'' 20 years in Europ**^ in plarite Tanging in siz« .to set^e^^opulalion^ to 
/ 100,00(^ itreating-^th domestit^^^anid iniiu^^^ wastes. In^j^e jtjmfi^^ ptocess^has 

been developed iif p^kage plariff p^ 
■ '^''^m^/^x 10"?^ItJias also:;b(?e^^ s^tabl^ for planti? up^^ 
^. ;liargeiTpWts^F^ifurther discussion of .pacKk^e^p^^^ 

basic arrangement of fhe junits acid tjt&^geli^^ confiigu^ation for larger 



ifi^aUatidhs. ^. ^^^^ ^ . ''4' V ^ .. . 



Basij^i^y, .th|!^''pro^ss cp^sts of a sej^r of pikstic,^ h9pzontai^shaft dnd 

placeij^in a t&nk Wjih Sr^'^SRit^ 

about 40 pejTcent fflR tScface area* submerged. "DVrijfJg the rotation, the disks pick up a 
thin layer of wastewa^ifer, which flov^dyer the- sultface and a^orJbs oxygen from the air. 
The fixedbiomass filiti on ihi:^i^ surfac^e Removes tfcth ElO apd organic material, from the . 
"wastewater. Aj^^^tl^ bl^a^ becomes .submerged^' the' wastewater, additional organic • 
^mkerjalisTeilM^eii^ 0 

Excess nj^cro-t>rganisms a^d other solids are cc^ntinuously rfeirioved, from the ^ilm fixed to 
^the disks, b|Jthd(!iheafing |©*tes created by. the. rotation pfjthe disks in the^^astewater. This 
rot^ion also causes mixi%, which ^ keeps the A in suspension so they can be 

carried through ^ac^tep to a final c^p^en/^ 

The rotation disk process is si|ni^. to/ the tricl^ing filter process, because both use fixed 
growth* j^actors.^Son\§ of the adwntag^of trickling filters also apply-to the rotating disk 
process. These adyafitages''lj^de ecpr^omics,*siiftple operation ismd maintenance, suitability 
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TABLE 9-4 ; 
NORTHBRIDGE ROCK TRICKLING FILTERS 



I. 



Populatibh Served 

vFlow, i24-H9ur 
.' Average, mgd 
, Maximum, mgd 

Raw Wastewater 
BODs,mg/l 
SS, mg/i 

Primary Sedimentation 

Overflow Rate,* gpd/ft^ 
Depth at Weir, ft 
Retention Time,* hours 
BODs RemovJd, percent 
SS Removal, percent 



Trickling Filters 

Hydraulic Loading (With Recirculation), mgad 
Organic Loading (No Recirculation), 

lb/day/ 1, 000 ft3 
Recirculation Ratio 

Final Sedimentation 

Overflow Rate, * gpd/ft2 
Depth at Weir, ft 
Retention Time, 1 hours 
BOD5 Removal, percent 

(Trickling Filter And Sedimentation) 

Final Effluent 
BOD5;mg/l 

Overall Removal) percent 
SS,mg/l 

Overall Removal, percent 



Operation 
. ,1972 

S'SOO 



1.1 
2.4 



158 
185 



489 
10 
3.6 
35 
59 



13 

28.4 
0.5 



489 
7.25 
2.9 
82 



18 
89 
14 
92 



* Average Daily Flow 



V: 



■■> .' 

i 
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DRY WEATHFR TERTIARY TREATMENT 
^KiD RECIRCULATED WASTEWATER ■ 

SCU^/iJ AND SLUDGE PIPING . 

«„^_^«.|BIoCHLORITE, ferric CHLORIPE, 

v9r lime ^eed 

III ■imiiiii FIL'TRATE igL 

*'-*j<r -------- ovJfegLoiiSr 
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® COMMINUTOR 

© PRIMARY. SEDIMENTATION BASINS. 

® TRICKtlNG FILTERS 

® -CLARIFIERS^' /; . 

® EFFLUENT STRUCTURE 

® CHLORINE CONTACT BASIN 

® . DOSING CHAMBER 

® SAND BEDS 

® "SCUM BOX . '■ . 

@ SCUM HOLDING TANK ' 

® DEGRITTER 

® SLUDGE HOLDING TANK 

® CHEMICAL CONDITIONER:: 

@ VACUUM FILTER- 

® HIGH LEVEL WET WELL 



FfGURE 9^9 




NORTHBRIDGE, MASS. SCHEMATIC FLOW DIAGRAM 

■ ' ■ ' • , • 9-39 ■ ■ ' ■ ■ 

283 - ' . 



for st^ and stage construction, resistancjBfflfcga'nic and hydraulic sho^rid[ads, and low 
process control requirenients. The main d^j|mtage of the rotating disk p^5|K3.ess is the need 
to co^er the^ disks to prevent freezing and to protect them from win^damage or vandalism. 
In the rotating disk process, the fixed biomass film passes through fhfe'^sistewater,, providing 
contact '^of all organisms wi|h the wastewater, preventing clogging: of the m 
providing continuous wetting, which prevents development of filter flies, different aeration 
and contairt time can be provided by varying the rotational speed of the disks. 

9.2.3 Applit^^ of Process at Small Ph^^ : ' - 



RBC units a?e espeda|ly sqP('^d for us^ in sma^ plants, because of the advantages mentioned 
previously. They cM^^^t lis^d^^^^^^ of Other biological treatment processes to meet 

secondary effluent requitemerlts. If proper conditions exists ammonia-nitrogen removal can 
be accomplisiji^lJ by proper sizing and arrangement of the ^Hjjjl^ 

RBC units can be supplied as package plants, complete with steel tank and drive equipment, 
for capacities u^p: to 200,000 gpd (800 m^/d), depending on required surface loading rate. 
If the units are combined ia a- package witfTstandard clarifiers and chlorine contact tanks, 
the capacity range becdriies 5,000 to 90,000 gpd (20 to 360 m^/d), depending on required 
surface loading rate.- Plants with greater than 90,000.gpd (360 m^/d-) flow would use 
separate clarifier and chlorine contact tanks. 

Di^^lppan also be silpplied on shafts, which can be mounted in concrete tanks. These units 
can treat flows up to 250,000 gpd (1,000 m^/d), depending on surface loading rate. If flows 
exceed 250,000 gpd (1,000 m^/d), shafts withVarying di^k arrangements can be combined 
in series and parallel configurations, to provideJJie type $nddegree of treatment requiiced. 

There are many combinations that can be used for arrangement of multiple RBC units or 
RBC. units with other process equipment.. Design manuals are available which show 
suggesttjd RBC combinations, including their ^se mth primary sedimentation tanks, septic 
tanks, and equalization tanks. Side-by-side and pver-and-under configurations are also shown. 

9.2.4 Basic Design Concepts - > : 

Much of the development pf de^gn criteria in thiS; country : has beeh done in'Pewaukee, 
Wisconsin (34) (35) (36) (37) (38). The information included in.this section (taken from 
these references) has been developed on domestic wastewater and is presented here as a 
'guide. Cfianges in wastewater characteristics and configuratidh differences of biological 
a:ontactor units may require different approaches to design. Manufacturers of RBC systems 
haye developed design curves and procedures for use in designing wastewater treatment 
fjicilities. Some important considerations in the design of RBC units include: V 

1. Loading^conditions • 

2. Retention time^ multiple step systems, and rotational speed'^ /. . ^ 

. -'j. "^3, Wastewater temperature - ■ '\ ■ ' / . , • 

4." Pretreatment requirements , 



5. Clarification requirements ' 

6. Sludge handling — . 

7. Nitrification V 

9.2.4.1 ' Ix)ading Conditions V • 

Hydraulic loading is cbnsidered as the( primary design criterion for rotating disk^stems, 
stated as gpd/ft^ (m^/m^d) of disk surface area (34). This criterion is based on domestic 
wastewater with a relatively small BOD5 concentration range and may not be entirely Valid 
for wastes^ with different BOD5 concentrations. A unit' studied in Wisconsin (34) obtained, 
effluent BOD5 concentrations of 12.to 20 mg/1 for hydraulic loadings of, 0.25 to l.«5j5 
*-gpd/ft2 (6.01 to 0.06 m3/m2d), with temperatures between 39° and 67° F (4° and 19° C),- 



.and disk speeds of 2 to 5 rpm. In general, as the hydraulic loading decreases, the effluent 
BOD5 decreases, which in turrt is relied to armiiprua-nitroge ■ 

Recirculation of wastewater flow is not nornlally prd)^ded . in RBC systems. The R^C 
systems are designed in-three or more steps, which work similarly to the increased depth qf 
a super-rate bio-oxidation tower to provide increased retention time. Unlike the bio-oxldation 
tower, the RBC unit is wetted in the tank -as it rotates, eliminating the need for recycle to 
. provide a minimum wetting rate. ^. * 

Organic Joadiiijg (although not the primary design criterion) isWejy important in small plants 
and will** affect thfe to]tal process: design. The reason for this impprtance is thaf the^food-to- 
microorganism ratio is self-regulating within certain limits. If organic loading is constant, 
the bibmass on the disks wiU develop to varying thicknesses, dQpetiding on the disk position 
within the process: A change in organic loading wiU.effect a change in film thickness; In 
addition to thickness, th6 type of organisms in theiiiilm wiU adjust to the conditions. 
Organisms that c^n^ utilize large quantities of organic matter wiU locale and develop in the ' 
first step Of the process. If organic loading is reduced so that the final Steps are ^ligktly 
loaded, n^^trifying organisms wiU develop. . : ' 

Changes in organid' loading that occur slowly ' can: be_ accommodated by. adjustments in the 
biomass. If an RBG system is opera»ted below design loading, the unit can provide treatment 
consistentlj^ better than required. As loa.(ling increases because of system development, the 
RBC unit will adjust accordingly. 

Diurnal changjss in organic loading, which, may occur in larger plants and some small plants 
with balanced loading, can be handled by the adjustment of biomass. In small plants with 
large, rapid diurnal variations, equalization is dfesirable. Equalization (discUssed in Chapter 
4) will help provide efficient BOD5 removal and reduce the size of process equipment." 

. . , . ■ * • . _ , ■ . 

9.2.4.2 Multiple Step Systems, Retention Time, and Rotational Speed , • ' 

The rptating disk process is quite suitable for multiple step systems and stage construction. 
, The number of disks per shaft appears to ha^ some practical limits. Because of the limits, 
it is easy to arrange units of disks parallel or in series,* to provide steps or stages. Study has 
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indicated that three-step systems play be desirable; it nitritlcatibn is required, a tour-step 
system" may\be needed (37). . ^ " ^* , . 

Retention tinie' which also affects performance, is controlled in these systems by disk 
spiacirig ai\d tank size. Increasing the spacing or tank size for a given hydraulic load will tend 
to increase the treatment capacity. The disk' spacing and tank yolurne have feeen combined, 
for study purposes, into a^ngle parameter, the wlume-to-surface ratio. Antonie (37) found 
that 'the upper Hmit was apprbximately 0.12 gal oC tank volume/ft^ of disk area (0.005 / 
rn?/m2) above^whicK the capacity. did not increase. ^ 

The rotational speed c^an be varied to control the aeration and the contact time of the organ- 
isms with the wastewater. Peripheral disk velocities will range frorn 30 to 60 fpm (9 to 18 
.m/s) (34). At these speeds, the biomass is ,iiniformly stripped of -excess ^organisms. At lower a 
Values, aeration beComes,limi;ted; above thisVange; shear forces bet^ome great. 

\ / 7 9.2^4.3 Wastewater Temperature ^ * ' " 

Temperature is an irnportant factor in the design of any biological process. and should be 
;gonsftlered very carefully. . ' • ' , ' 

The Wisconsin tests, were hormally run at a wastewater temperatur^jpf 55° F (13° C) or , 
above. At this- temperature, the rotating disk pfocess provided ^6'od BOD removal and ' 
nitrification. If the temperature wAs lowered, the treatment decreased rapidly. 

Data .for^'the lower temperature operation indicated that the degree of treatment at lower 
temperatures could fee improved by increasing the volume-to-surface ratio Kincreasing disk 
spacing) or by decreasing the hydraulic loading rate (increasing the- retention time).. Fdr 
' ex.ample, a plant with'^a volume-to-area ratio of 0.12 may obtain 86 percent BOB removal 
at 4 -gpd/ft^^ (0.16 m^7m?/d) at a temperature above,.:55° F (13° C). The same unit may 
have to be loaded at 2 gpd/ft^ (0.07 m^/m^/d) to obtain the'same.treatmerit at Tower 
temperature. ^. ^ ■ ' - ; V-/^* . . , . 

If thb volume-to-area ratio is raised to 0.32, the loading required would be 3 gpd/ft2"(0.12 
m3/m2/d)/ : ^ / " " ^ - . v ^ ' ' 

9.2,4.4 Pretreatment Requirements 

■ 'v. ■' ■ ! * *■ ■ ■ ' • 

The "main pretreatment^equirements .for small;; plants treating yirl|fiily domestic waste 
would iritlude primary sedimentation or fine screening arid'equalization. Primary sediVnenta- 
tion or fine screening would removjt large, dense so^jds; which miglit settle- out ih'the RBC 
^ process units. If large amounts of hexane soluble material are expected,., a primary settliij^ 
' step would be preferred, or'other grease separation methods:would be tequired. In many 
srhall^r plants, a simple septic tank has been found to provide adequate tl^tmerit. 



9,2.4.5 Clarification Requirements . - 

Qarification requirements for totaling ' disk systems' are similar to those -f£)r. trickling filter 
systems. Primary settling is: required, because the heavier soli^ canjipt $'e capied. through 



the process. Ihterrnediaje* sedimepfation is! ndV^requiredi unless sludge 'ferhovai is desired 
befote a final step, sjach as nitrification^ Final se'dimentation is required and ma^ b^ Use^ 
before or after nittjfication. , * ■ , ^ ' /^^^^^ 

Design '-of final clarifiejrs . for RBG.systeips ^hould 1jb similar to design of primary settling 
tanks, vipth' the exceptions of hydraulic l6a'(^n^.|gjes snd side wall depth. The hydrauUi? 
loadingsfrates should be J.OOO to^i2pO. gfjd/ft^^ (;40:t6 48 m3/m?/d) for ^eak flow. (5). r " 

9:2.4.6 Sludge i^ndiing ■ • ' • ' 'V - 



Sludge produced by the 'RBC unU is slinilar : ^ humus; s from a trickling' filter. The 
ampuitt of sludge pgoduced will depend on>aste char<^terisiics and loading rates, kfiC' 
unit designed for .80 percent BODs' removal wpuld p/oduce about 0.7 lb 'of sludge per 
• POunn pf'BpDs removed ; 95 percent rftmoval woild produce about 0,3 lb of sludge (39).' 

Vbiume of sludge to be handled .will be low '(^mpared to;. the volume from an activated 
smdge plant. The sludge produced is dense and wiU settle rapidly: If slowv continuous v^ith-- 
drawal js provided;. sludge concentrations can"b»e maintained at 3 to 4 pircent solids (39). 
For design, 2 to 3 percent spUds are considered reaspnable. If secondary sludge is recycled 
to the primary clarifier; sludge with 4 to 6 pfercent soli'ds can be obtained. 

A few tests have been conducted (34) to determine the vahie of sludge recycle. At recycle 
rates of I to 2 percent of flow, there was no apparent effect on the systen^^ parameters./ 
(Further study at higher rates , is desirable.) In general, recycle of sludge or flow is not 
'"■practiced. ■. . ■ ' ■ • • ■; 

9.2!4.7 ' Nitrification . . ' A. ' ' ; ' ; ■ . 

Nitpficatipn can be achieved uSing a": properly desigijied 4- tc)i 10-stepTotafting disk, process, 
projflded temperature, pH, and presence of toxrc substances are considered. Nitrification is 
discisBed furtljer in Chapter 13. • . '' . ' ^ 

. ■ :■• , r . '-0 ■■ .■ ■ 

As-fhe BOD of^the wastewater ^n the process is reduced jn the first steps to' 30 mg/1, the 
^trifying orgaiSsms begin to establish themselves; As the BOD. deqreases, the ammoriia- 
.^itrogen renipval increases. Nitrification will decrease, if the carbonaceous BOD is increased 
^bove the ;threshold f^r a specific wastewater (40). At a hydraulic Ipading of 1.0 gpd/ft2 
'X0.q4/m^/ni2/(£),- ammonia-nitrogen removal of more than 95 percent and effluent o^Cen- 
'f^^^jons of.'Jes^ than 1.0 mg/1 were attained with wastewater temperature abpve 45.". F 
(:i3°|C). Dentrtficatiqit^, using totally submerged disks and methanol addition, is being con-' 
sWered for rotating disk systems (36). ' / * i ' , ' 

• . ■■■ „■• • >' * r. '■ ■ ■' ■■ > ■ ' ■■ 

■ 9.2.5 Example Design ■ . ' 

Design procedures have been- developed by liilariufactiirers of rbtatiiig; biological contactor 
^ systems. This information, (39) (41) is avitil^ible through the manufactiirei^^^knd their rep- 
' resent at^ves." The follpwing example diesigff^ uses the design Vocedufe/afid criteria*of one ' 



manuf^ctureri This example shows only a ty^^cal desigri; the reader should notjhiielj^^^ f ' 
any one design procedure is the ]best. The exapiple design .will use :'the sitp jmd w^^^ / . ^ 

> characteristics given in Section 9/U7.1. • ; ^ ^ v ' 

Additioml design cqnditiom^^^ ■' ' / * : A ■ • - 

. 1. Plant rl?;liability, Glass 11;. : ; ' '."^ : . 

' 2v Pretreatmerit: coarse screening, '.grit; rerhovd, tfnd prirnary'^edm^^ 
' peijcerit i^moval)- • ■ : \ • • ' / V ^ • ^ 

. 'f^ 3i Nifrification of 90 percent required during dry Watherm 

Weather flow • ^'^ .■ \ . • . ^ ' \ 'v-;^ -r^' 

/ 4: Maximum ^ry^weather flqw approximate^ equ^^ average daily ^iqw . . ■ . ^ / 



• Determine Process Surface Area 



BOBvpf primary effluent = (200 mg^^ ^^^-^i^'^^^^^ ; 

, . (Because this i^i^less than 85 perccRt,. the .RBC unit would have, had to be ehlargedif nitrifi- 
\ cation Wete hot included.) ^ v ' . ' ^. 

From design curves for 79*. percent removal with 140 mg7l .p|rinia)ty effluent, the f eqi^jred ^ . ; 
* hydraulic loadihg is:6:9 jgpd/ft^. .;\ ' ' • * V^^ V \\ ■ / ' ' 

' • ' ■ -c; , . ^ 260m gpd j*!...^ ■ 

' : surface area required = -^^r^— . v >^ 

Wastewater Ternperature Cqrrection . ; v 



V 



For 45° F ■ (7° G) and .79 .percent BOD rem oval, the temperature correction factor (from 



.. design |ums)'= 3:0! .^^'^ 



. - The cbfrected loading rke, is^^/= 2J gf)d/ft^. . ^ ' ' ; '^^^ 

^ ' / '^lloO^OOO gpd ' ^ ^ o ^ ■ ' ■ 

Surface area required =• ' ^ . . ^ , . . 86,957 ft^. > . ■ • 



Nitrification Design 



• . . From > design curve for 90 percent ammonia-/iitrogeii removal, ^secondary effluent RliJDs.; • ' 
/ - would.be 13 mg/l;.'. . v . - .' ' : ; : 



ERIC 



BOD5 removal through RBC system would be: 

^ • ^140^i3)(100)V9, percent r^^^^^^ V ■ 
(140) - ' 

From design curve for 9 1 percen^B0D5 removal, surface. loading Me is 2.3 gt)d/ft2. 

Surface area required =222z222jM= 86 957 ft2 
; • 2.3 gpd/ft2. ' • 

During warm, dry weather months, wastewater temperature would not drop teloy^5 5° F 
13° C), arid a temperature correction for nitrification would not be required. 

Equipment Selection . ' ' ■ ' 

Selection of RBC equipment win depend on ^t^ conditions (e.g., available space^Ontdure^ 
and head loss through the treatment facility). These conditions must be balanced with 
the number of standard units available, type and degree of treatment required, reliability, 
required steps, and stage construction. ' ' 

The conditions and standard-units indicate that two four-stage REG shaft assembUes should 
be'used, providing a total surface area greater than 90,000 ft2 (8,370 m2). 

9.2.6 Equipment and Materials of Constructiori- 

The basic RBC unit consjsts of rotating medium and shaft assembly, drive system, shaft 
'bearings, tankage, and enclosures. In smaller units this equipment can-be provided in a 
completely assembled package. -Larger units require construction of concrete tanks and 
enclosures (unless factory-made 'covers are used). Units supplied -for concrete tanks are' 
shipped in two parts, including the shaft and drive assemblies: ' 

The shaft assembly consists of high density polyethylene or polystyrene disks mounted on 
a steel shaft. The shaft is fitted with drive sprocket 'and shaft bearing, fo allow immediate 
installafion on preset anchor bolts ' " 

_ . , ; , ■ ;•. ■ . ■ ■■ ■ .■ ; ' ■ ' . 

The drive assembly consists of the drive motor and a dri^Pe system, which- could include 
belt drive, speed reducer or chain drive units. The drive motor could vary between 0.25 and 
7.5 hp (0.19 and 5.6 JcW), depending on the shaft size and the area of the contactors. 



Construction of concrete tanks will depend 6n the RBQunits used,- overall arrangement; and 
flow distribution or control requirements; Suggested arrangements are included in design 
manuals. (39) (40). Flow distribution .or control methods 'can include piping or Channels 
with various weir, baffle, and valve arrangements. , ' . 

Enclosures can consist of plastic covers (available through RBC system manufacturere) on 
housing constructed around fhe units. Plastic covers have removable panels and parts, which 
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allow inspection of the medium and access to the drive assemblj/and bearinjgs. In extremely 
cold climates, these covers can be supplied with urethahe foaip insulation. 

If alternative means of housing are used, the structure^should be desigrled to meet the 
following conditions: 

' 1 . All materials of construction must be able to withstand high huniiciity. 

2. Ventilation should be provided, with control available to reduce ventilation in^, 
cold weather. Forced ventilation is not required,. but could be provided. • ^/ 

3. Heat is not required even in cold w&ather, but can bie used to reduce humidity 
problems. . / 

9.2.8 Operation and Maintenance ^ . 

. ■ ' ■ • ■ ' . 

The rotating disk process is stable under conditions of fluctuating hydraulic and organic 
load and, therefore/dbes not^require^ecycling of sludge or flow lecirculation. This stability 
simplifies the. operation and eUmn^tes^he^jieed^OL^great 'operating flexibility and 
instrumentation 

The units/^ould* riorirnaHy be prpvided^ith enclosures; opiating in cold weather ihcneases 
this nepa. In cold weather, the addition of a small amount of heat (a few degrees above \. 
wastewater temperature^ although it will increase the^operating cost slightly, will improve 

operation, \ \. . / • - . . » 

/ ■ / ■■ • / ; ^ ■ ' . - 

^ ■ ^ ' ■ ■ / ■ . ■ 

laintenance of these units is also siiiiple. Because the main mechanical compone|its are 
those required to rot^ite the disks, and because separate drive units are provided for each 
set of disks, the operation can be-shut down, a unit at a time, for servicing. The minimum. . 
number of moving components makeS'^the servicing very easy; only weekly greasing of 
.bea:rings and checking of lubricant levels in the chain guards are required. On a quarterly 

jbr semiannual basis, changes of lubricant will be necessary. 

. ' , . ,- .• ^ . ■ ■ . ' ' 

* . ■ . It ' - - ' ■■- , 
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; ' . . ■ ■ CHAPTER 10 



; ,WASTEWATER TREATMENT PONDS • 

10.1 Background • . , 

. Wastewater .tfeatmeiit (stabiiization)'ponds are earthen basins^ open to the sun and air. They 
• depend pn nratural biological, chemfcad, and physical process^s,to stabilize wastewater. These/ ' 
; processes, which may take place 'simultaneously, include sedimentation, digestion, oxidation, ' ' 
synthesis^ photosynthesis, endogenous respiration, gas exchange, aeration, evaporation', - 
thential currents, and seepage. . ^ , , ' ' 

. For centuries, se.wefs have carried' wastewater' into natural ppnds and other water bodies, . • 
■ sometimes, without nuisance* conditions resulting. It was not.until the >1 920's that artifiGial^ • 
ponds w6re designed and constructed to receive and stabilize wastewater. B.y 1950' the us"e >. 
^> \ of pands h^d become recognized^ as an economicar\yastewater treatment method for small ' 
' municipalities in rural a:reas. " \ . - • * . . • \| . 

\ ■ ; ' . ' . .. ' \. / . • ' ; ' • • " X ' 

Wastewater treatment ponds -are no\y commonly employed as secohd'ary.tre'atmen^'systems. ' 
Thb U.S. E?A^Municipal Waste f^acUities Inventory pf 20 August 1974 iiiiiiijcated that these ' 
ponds to'nstituted 31 percen't pf the 16,133 secbndaiy^ treatment systems 'operating in the 
United States and ;served about 7.3 percent of the 104'fnillion people served by secondajjy 
i tre^tnient plants (1). 'About 66 percent of these ponds serve small cbrfimunities having flows 
\of 0,2mgd(G.ai m3/s)orless (l). . ' V: . ' 

because of increasingly sfririgent effluent requirements, ponds, like many other wastewater . 
- . treatment processes, will usually require iriodificatidn of design and operation-tc^meet all 
X oWctives^Po;id problems fall into three general^eas: l)* unsati3fa9tory effluent quality, 2) 
odofs and other enyij-onmentally /incompatible factors, and 3) wat^ loss. These problems 
usilaUy relate 'to a need in the design for better pond siting, liiicrpbial cell removal, and dis- ' 
-^jnfktion; lack ^f eojisideration of temperature effects and odor cojitrol; an^i no minimiza- 
. tiompf s})6rt c^kuiting by better hydraulic de^^^ - ■ 

.^e'taajor advantages pfppnds are 1) they can handle considerable variations in organic and 
hydr^lic loadiog- )vith Httle adfverse effect on effluent quality and 2) they require minimum ' 
xontrdl by relatively unskilled operators. Low capital costs and low operation and mainte- 

• nance tosts ^re also advantages. The major disadvantages are 1) the large land area required, * 

■ 2) the localized odor problems that occur; when cohditions become anaerobic (more diffi- 
' cult to brevent if ici^jg/)ccurs), and 3) excessive accumulation of algal and bacterial cells in 

V the ef|laenf,' which creates 3 significant BOD and SS load on the receiving' waters. It should 
be ppintfed oyt that the U:S.'EPA has proposed raising the 5S limitations for ponds on a 

^ <:ase-by-c|se basis (Federal Register, • 

""V. \ ■ . ■ ^ ^ . : > ■ ^ . . / 

: . - ^Ou.l ^atural Stabilization Processes ' .• / * 



With carefiil planqingi fiesign, and operation, natural prpce^sses can be efficiently ^jtHizted in 
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stabilization ponds (^ee Figure 10-1). ' - * i ~J 
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niie vTgimcmjL^ suspended ^ or dissolved in the raw wastewater or scoured from the 
; bbttohi b>nn^|aporid mixing (as a result- of wind or thermal turnovers), are biochemically 
^ stabilized, usuaHy^robically, by bacteria, algSe, and, to^ a smaller extent, other biota. Bac- 

teria; release enz^&s into the wat^r that catalyze chemical "reactions, producing simpler ' 
' cheiTiic^ls used to synthesize new cells and aid celh metabolism. The organic carbon is 

broken doNvn by heterotrophic bacterial .actiofi', >^hich results in the fom^ation of carbon . 
' dioxide <e02), H5O, and residues. The organic nitrogen, largely in the form of urea or pro- 
• tein, is 'broken down by enzyme-catalyzed ijeactions-initiated by heterotrophic faculative 
V and anaerobic bacteria-t'o form ammonia (NH3), new bacterial cells, CO2, and residues. 
Algae grow symbiotically with bacteria: algae utilize CO2 in photosynthesis to produce new 
cells and release oxygen (O2) as one of the byproducts; bacteria utilize thi§; 62 and produce 
' GO2 as a byproduct. However, at night and during- endogenous respiration ajgae also -use O2 
and oxidize some of the compounds they, have produced and stored during the period of 
photosynthesis. . ' ^ . ' 

; \ The settleable solids, including dead microbial ceUl,. settle: to the bottom of the^aerobic zone 
info an anaerobic zone, reducing the requirement? for dissolved oxygen (DO). Such solids 
.. \ undergo acid and methane (CH4) fermentation, hydrolysis,, and other biochemical changes. 
These changes result in the fonhation of new bacterial cells,*prpvide energy for the. cells, 'and 
: relfj'ase CH4, C02> hydrogen "sulfide (H2S), NH3, various organic acids, and residues. The 
- j NH3f arid sulfurous gases that evolve, in the^anaerobic decomposition rise i^to the aerobiq . 
' zgnef,- where nitrificatiotj- and* sulfide-bAidizirig bacteria convert the NH3 to nitrite and 
' I nitrate ani the sulfides to sulffites and sulfur.:lf liquid containing nitrate enters an anaergBic *T 
; ^ - j zone, denitrifying bacteria reduce ^the nitrate to gaseous nitrogen, v(^hich escapes to^the . 
, / atmosphere. In some calses, nitrogenrOxing bacteria convert gaseous nitrogen to nitrates in 
.' ■.^^\ 'stabilization -ponds. - / . . 

; ; Dead" algal and bacteri^il cells undergo lysis, o? disintegrafion, in the^'same manner^as other 
-y. .dead organic matter irid, in. the process, create an oxygen demand. Ofl?)he other hand, the ' 
^ proliuQtsVf' disintegration,' O2 arid CO2, provide' nutrients for j'h£>^li thesis of new algal 
V- . cells, and the synthesis continues until the synthesisjdecay-sedirfientation cycle leads ft) re- 
^ moval of most of N<;^^ BOP5 an^ SS from the wastewater. Provision must be made for the • 
\.'r consistent removal df^cells from the^ liquid zones of the pon^ system, ifa uniformly satis- 
• factory .effluent is to be produced. The optimum temperature for efficient functioning of 
treatment ponds is -'68^ i\77- F (20° C to 25° C). Wheri the wa|eft?mperat^ire reaches 
' T^^^C^ ° lower, genei^b^cterial action becomes quite reduced. If an ice cover forms, 
tl^ei^s little available oxygen^^d meta^oUsm . 
tenipjeratur^ below about 57° F^4° C), there js little 'ariaer*)bic methane prodwtion or re- 
^ duCtion of sludge volume. 

' AlthQiigh the equations in ^Figure 10;1 oversimplify the tranformations, they do show the 
. . recycliAg of carbon in ponds. The net effecte of this carbon recycling mechanism are 1) con- 
:.■ siderable decomposition of^ the solids originalhr in the raw wa?tewater^ 2) some loss of the 
carbon load of the raw wastewater and bottoiKsludge (as CO2 or CH4) to the atmosphere, 
and 3) conversion of much of the soluble and ortanic material info bacterial and algal cells. 
Unless the^ microbiafcells are removed by settling intp the anaerobic bottom sediment, or by 

.. • . • . ■ ' 

■■. •■ ■ . ^- 



a long period of aeration (which allows time for lysing and moxe complete oxidation), or by 
some solids removal , process after the pQnd' treatment, little j carbon redyction'may. ocfcur. 
Cells that-escape into ^the-effluent carry potentially oxjdizable organics itid nutrients, such 
as nitrogen and phosphorus. There a^e many good references covering the various stages of 
pond processes (2) (3| (4) (5): ' . * V- ! • , 

in 'bther NvoYds, half |or more of the original organic constituents exert ail oxygen demand 
for a long time, after the initial synthesization process. ' 1 ' 

10.2 Defmitibns and Descriptions of Wastewater Treatment Pdnds* 



There is general confusion in the terminology used in thei classification 6f ponds. In this 
manual, ponds are classified as follows: ' ' 

1. F'acultative Ponds / . . 

Aerated Ponds (which can be further classified as to the degree of fixing) 

3. AerobicPonds <> . . 

4. Polishing Pon(js . " t « ^ 

5. Anaerobic Ponds * 

In the UkS. EPA $ulletin Wastewater Treatment Ponds (6), ponds are -divided into photo- 
synthetic, aerated] and complete retention ponds. The photosyrithetjp ponds (i.e., faculta- 
tive, aerobic, polishing) are subdivided into flow-thrdugh and cpntrolled-discharge types. 
The aerated ponds are subdivided into complete-mix and partial-mix types. 

10.2.1 Facultative Ponds * ; ; / 

_ •■ . ' ■ ■ . ■ \ . ^ ■ . . . .■ ■ i 

Facultative ponds are medium depth ponds, with an aerobic zone overlying an anaerobic 
zone (with sopie sludge deposits) and a zone between the two, wheF«r facultative bacteria 
primarily function. Solids in the anaerobic, zone undfergo-fermehtation and hydrolysis, and ' 
the soluble organics anB"Wi%^e into the aerobic zone to be oxidized. Facultative ponds 
are sometimes called oxidation pbjqds or aerobic-anaerobic ponds. Most wastewater treat- 
ment ponds in the United States are facultative ppnds and are usSd to treat domestic ^aste- 
v/atQT, industrial wastewater, or a combination bftoth. Facultatiye ponds are often used as 
the final cells, if anaerobic ponds are used as the initial cells. The design of facultative ponds 
isMescribed in'Sectipn 10.4. ^ * 

10.2.2 Aerated Ponds ' • . 

Ponds using mechanical device? as the principal sources of DO are called aerated ponds.: 
' Completely mixed aerated poni6 (alscy called aerated aerobic ponds) keep all of the solids in 
suspension, and O2 is provided by air dlffysers or mechanical aerators> In partially mixed 
aerated ponds (also called aerated facultative ponds), only the upper zone is aerated by 
diffusers or mechanical aerators; the lower facultative and/ot anaerobic zones are relatively 
undisturbed. The partially mixed aerMed pond is particularly adaptable- for northeri^ areas,, 
because it permits the continuation of aerobic oxidation, under the ice^ to preventl spring 



•odor problems. Aerated pond effluents, although they may not ct)ntaiiT. large aipounts of 
algae, may contain other suspended mictobial ce^ls and biologica^soli^s, resulting if|toi the 
conversion of the dissolved BOD and the SS.from the raw wastewater^-Aerated pond design 
is described in Section Tt^S. : . • ' " ' , % ^ r 

1.0.2.3 Aerobic PondSv • ' ,v V. 

Aerobic ponds, are shallow ponds Khat contain 'DO ^throughput their liquid volume at all 
times (i.e., ^ there are no anaerobic zones.). Aerobic bacteriaf oxidation and algal photo- 
synthesis are the principal biological processes. Aerobic ponds are' best suited to treating 
«oluble wastes in wastewater relatively free of SS. Thus, they are often used to provide 
additional treatment of effluents from primary waste\vater treatnient plants, ^anaerobic 
popds, and other partial treatment processes. The design of aerobic ponds is described in 
Section 10.6. . ' V ' 

' ' ■• •. ■ ♦ . ■ 

10.2.4' Polishing Ponds \^ • / , - . 

' Polishing pond^ are li^tly loaded, aerobic or facultative ponds that polish the effluent 
from conventional treatment plants by further reducing the settleal?le solids, ^OD, fecal 
bacteria, and NH3. Algatl photosynthesis and surface reaeration provide the O2 for stabilisa- 
tion. Polishing ponds should be designed with detention times insufficient to support algal 
deyelopment-60 hours or less-unless phosphorus (P) removal is a prime concern. Figure 
10-2 depicts the 'effect of a polishing pond on the removal of SS, P, and^iitrate-nitrogen, 
and 9n the 'growth of algae and coliform organisms (7). Polishing pond design is described in 
Section 10.7. > ' ' " 

10.2.5 Anaerobic Ponds 

* ' , . • ■ -J 

Ponds that are so heavily Idaded organically that they do not have an aerobic zone (except, 
possibly, at the surface) are called anaerobic ponds. Only partial stabilization takes, place. 
Anaerobic ponds must be followed by facultative 0r aerobic ponds,, or othef additional 
treatmeht, to complete stabilization of the organic material and provide additional solids 
removal. \ 

■ ' \- ■' • . .■ . ■ . ■ ■ . 

\ ■ ♦ ■ . ■ . ■ ; ■ . .... ■ ... — 

.Anaerobic ponds are typically used as the first step for treatment of strong organic wastes, 
such as those, from industries processing vegetables and fruits, meats, milk, or other foods. 
These ponds are not ordinarily used for-treatrhent of domestic wastewater, although they 
may be a;pplied as a first treatment step if the wastewater is abnormally strong because of in- 
dustrial discharge, the design of anaerobic ponds is not discussed in this manual, which is 
intended for use in the design of facilities treating normal domestic waste>yafer. 

10.3 General Design Requirements 

10.3.1 Common Design Considerations 

The performance of all wastewater jtreatment ponds is particularly affected by 1) organic 
loading per unit area, 2) temperature ^nd wind patjems, 3) actual detention time,<iispersion, 
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and mixing characteristics,c4) sunlight energy, 5) characteristics of the solids in tiie influent,' 
and 6) amounts of essential micr<ibial nutrients present: Pond efficiency, 'measured as the - 
degree of stabilization of the incoming waste particles. Is dependent on^ both biological 
process kinetics and pond hydraulic characteristics. . - " - ^ 

; • • • o .\ ^ ; : V .. . - ' . r ■ ' 

The time required to synthesize cellsirom Waste, organic solids (suspended or ^^solved) c^ ' 
be. determined by kinetic computations., For kinetic computations, the value of the reactiort. 
rate coefftcient (k).for the specific wastewater sfiould be determined as accuiiately as pos- 
sible., taking into account the BOD loading per unit area, quantity and types of pollutants^ 
teihperature, available solar energy, probable types of biota, hydraulic cliaracteristics, 
nutrient deficiencies, toxic wastes, spufce of 0;^, effluent requiremetits, and oth«r biological 
parameters (8) £9). ' ' A 

BOD bottle determiiiations of rate coefficients .do nqt giive good r^esults, unless the sample is 
. undiluted and is stirred to the s-alne degree 'as would be expected in the ponds. Oxygen f 
; uptake tests determine the rate coefficient better than do BOD bottle test^. The types of 
respirpmeter^s available fqr obtaining O2 -upf^ke range from simple.to compjex. The simplest 
. fits on a BOD bottle and includes ^f'stirrer an^ , " « . . ' 

. The reaction rate coefficient for .carbonaceous oxidation is greajey than the coefficients for - "** 
oxidation of NH3 and nitrites to« nitrates. A; completely mixed.pond,. or one^with recirdtila- 
tiori, will undergo nitrification in less time than will a plug-flow pond without recirculation, 
because of the largeritlitial concentration of nit^ baeteriarWith recirculation to pro- 
- vide nitrifiers,^plu[g flow is the more efficient. To select the reactit)n ^ate.coeffici^ht if nitri- • 
^ ficatioh is required, the initial^concpntration of nitfifiers, orpnic carbon, DO, and waste- 
* .water temperature profile mustbeconsidfe^^ ' , ' ^ ' , ; 
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The organic carboa'compouhds in raw wastewater are more ejisily oxidized during ^initial 
st«bi]ization Csynthesis into microbial cells) than in the endogenous respiration stage/ This 
difference wiil affect the values of the reaction rate constant*. The fate constant wili decrease 
as the samples tested are from points-further downstream ' 

In a.plug flow situation,'with. w^ter temperature at 68*" iP . (-2 value increases as 

the ratio of BOD5 to BODy increases in the, wastewater, asshown in Table 10-1 (10)/ Raw 
domestic wastewater usually will hav^ a BOD.5 to BODy rat^^^ ^ . 

The first order reaction rate coefficient, k. Varies Avith temperature, approjdmately in accgc- 
dance with the following equation :>> «^ . ' ' ' \ / > 

., - , : . ■• ■ ^ : ■ ■ ■ 

where •" ' ' • ' : .■ ,/ ' * .. 

V ^ r ■ ' I . : ' . , • 

, • ' kT = reaction rate coefficient at T° C, days^ 1 • ' * A'jJ^f* 



k2o*= reaction rate coefficient at 20° c)4ays" ^ 



r 

rs 



= a constant, with values of about 1.08 for facultative pohcU and 
. , /about 1.04 for aerobic ponds (1 1) , . 

■■ ■ ■ , • . ■ * .' « ■ ■ • 

T = pond watfer temperature 

The k values also change appreciably with the value of the BOD loading per unit area. Waste- 
water pond studies, indicating the degree of variation in k with BOD loading, are shown in : 
Table 10-2 (8) (U)/ 



TABLE 10-1 

BOD5 TO BODu RATIO EFFECTS ON k VALUES \ 

Raw Wastewater . 
BOD5 to BODu 



k 

day'l 

0.05 
'6.10 
0.15 
0.20 
0.30 . 



0.43; 

0.68 

0.83 

0.90 

0.97 



TABLE 10-2 



EVALUATION.QF k VALUES FOR THE FIELD LAGOONS AT 



' . FAYETTE, MISSOURI (8) 02) , 
Lagoon ^ Infldent BOS " EfflyentBOD Detection Time 



■ No. 



1 

2 

i 
4 
5 



.mg/l 

267 
267 
267 
267 
267 



mg/1 • 

35 

37 

48 
#49 
- .47 



)■■-. 87 ' 
I: 44. 

' 22 
17 » 



BOD Loading - k- 



20 
40 
60=^ 
80 
100 



20 



Ib/acre/day day" ^ 



0:045 

0.071 

0.083 

0.096. 

0.129 



\A11 lagoons are 2.5 ft deep and 0.75 acre in area. 



A common value fbr k at 68° F (20° C) for domestic wastewater is about 0.1 day" Vwhen ' 
the loa'ding is about 60 Ib/acre/day (67 kg/ha • d) (6,725 kg/km2/day). . 
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where 



The hydraulic flow characteristics must provide the conditions assumed for the particular 
' kinetic tKeory utilized. Plug flow is achieved, if each particle travels through the pond at the 
, Same rate* This condition requires a design that provides perfect vertical and transverse mix- 
ing of the "plug'*, as it flows through the pond; that is, dead spaces and short circuiting 

must, to a large extent, be eliminated. With plug flow, the first order reaction idealized 

• ^ « • * ■ , 

equation is (8): ' ' * ^ " , 

. • • Le/Lj = l/e^^t or t = In (Li/Le)/k . • . 

Lg = efnuentBOD, irig/l \ . ' ' 

L, =^ irifluentBOP, mg/l ' 

■ > ••■ * e = 2.71828. . . 

k = reaction rate coefficient, day" ^ 

t = actual detention time, day 

In = natural log or log to base e 

C6mpletely mixed flow, the opposite of pure plug flow, occurs if mixing is sufficient to 
create uniform . characteristics throughout the poi^d. The idealized first order reaction equa- 
tion for completely mixed flow is (8): 

Xg/Li = 1/(1 + kt) or t = (Lj - LgVLgk 

Actually, the flow through most existing wastewater treatment ponds falls somewhere be- 
tween ideal plug flow and ideal completely mixed flo>y, depending on pond configuration 
and hydraulic^characteristics. 

In many locations, where controlled intermittent discharge or complete containment is not 
practiced, addition^ trefitment, after stabilization, for removal of algal and bacterial cells is 
necessary to meet consistently BOD, SS^ or other effluent-requirements before discharge 
(6). In. the winter, algal activity diminishes, and low winter temperatures, particularly from 
the ice cover, have, adverse, effects on stabilization pond efficiency. Other biologica:! activity 
will also diminish, and CH4 fermentation is facultative or anaerobic pond^ will practically 
cease. Sedimentation becomes the major treatment process remaining, when ponds are iced 
oven Even if the detention period is very long, bacterial metabolism, using dissolved BOD 
during periods of ice cover, is incomplete. ^ . 

Controlled, intermittent discharge of weU-clarified facultative pond effluents in Michigan 
and' North Dakota indicates that secondary >yastewater treatment standards can be met, if 
ponds are adequately constructed and operated (6). Sufficient capacity should be planned 

10-9 / 



for holding wastes without discharge for at least 6 months. The organic loadings generally 
are held to 20 to 25 lb BOQs/acre/day (22'to 28 kg/ha -d) or less, in twd or mo?^ cells, 
with a liquid depth of not'niore than' 6 ft (I'.S-m) in the primary cell(s) and 8 ft (2.4 m) in 
subsequent cells (6). During the late spring andjagain in the fall, when the algal growth .rate 
is slow, pond contents are stabilized, and distindt thermal layers prevent mixing. Ponds may 
then be drawn down as long as the SS content rae^ets effluent requfrements (IS). It has been 
found that 2- to'4-week disckarg© periods during April to May and October to November are 
satisfactory (13). Tjie SS content .will normally be higher than the BOD5 and,, there fore, 
can be used -as the control ( 1,4). This controlled in tennittent discharge system islteSs p'l-s;^:^^ 
cai in the south, where algal growth is prevalent mbre than 6 months per yeaV, and in areas 
where there is a'large amount of tainfall anfl infiltration into sewer systems (14). For mori 
detaiTonintermittentdischargepondsystems, see references(6), (13), and(14). 

» - . ■ ' ■ 

Complete containment (retention) may be practiced if the combined evaporation and perco- 
lation outflow rates are equal to, or more than, the rafnfaH and wastewater inflow. The com- 
plete containment system is usually feasible only intjha drier parts of tjie western plains and 
desert regions. These systems should be located wefl-away and downwind from habitations, "* 
and the pond designed, constructed, and operated to pre vent, conditions that might lead to 
fly, mosquito, and odor nuisances. ... : ' 

10.3.2 Design Data Requirements , - . 

Factofs to be conside^ in determining whether a pond system might be a feasible part of . 
the Treatment system a specific wastewater iaclude: 

• . ■" : ' , ■ - ■ . . 

1 . Availability and value of suitable land at the potential treatment plant site 

2. Environrr\gatal compatibility of a-pond with neighboring land uses ■ . * 

3. Effluent quality requiretnents ,' . , ' 

4. Wastewater characteristics '. ■ ", 

Toverify whether these'four factors can be'met, the following should bp obtained:' , ' 

1. Topographical maps, with contours adequately defining the . topography of 
possible pond sites (latitude and elevation above sea level skould be. included) 

2. Locations of all residents, commercial developments, and wlter supplies within 
0.5 mile ' v _ 1 

3. Meteorological statistics (daily and monthly variations in tempiature, windjJirec-' - 
tion, and wind velocity, and monthly values- of precipitation,! evaporation, and 
solar radiation) , .- I / 

4. Surface and subsurface s6il characteristics (including percolation rates, load bear- 
■ ing capability, and ground water elevations) . ' V 

, 5. Analyses of the wastewater to be treated, including Do! BOps (total and 

filtered), BODu, COD, TS, TSS, TKN, total P, pH, alkalinity, sulfates and sulfides, 
and essential growth factors, such as iron and potassium \ 
.6. Data from at least 1 year's performance of a similar poi)d in a coniparable envir- 
onment, a pilot pond using the wastewater be treated, or a pirtion of the 
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V vinitial pond construction (refer to Section 10.4.5), tp assist in deyeloping design 
criteria, iritliiding pertinent reaction rate coefficifents . \ 

. 10.4 Facultative Pond Design V 

10.4.1 General Considerations < , 

Facultative* pond system configuration^ vary*(see Figure 10-3). However^ in general, it has/ 
been shdwn that series configurations B, D, or E are ^ost efficient. The initial pr primary ^ 
cell is designed to retain the more easily settleable SS, and the series cells following are de- 
signed to decrease both the BOD5 and the SS to less than 50 mg/1 and the* fecal cpliforms 
to less than 200 per 100 ml, whife^keeping the pH between 6 and 9. \ ,* . 

. • • • . J • ' ■■ ■■ . ■ 

» ' • * • . . . 

Empirical methods have'^been developed for designing facultative pdridfe, but predicted efflu- 
ent quality often differs from actual effluent qua^lity, sometimes substantially. Comprehen- - 
sive and uniform collection of data from well-designed and operated- facilities across the 
United States is nee'ded to develop better and more reliable design procedures. VaritfuS State 
-standards for stabilization pond design have often Been made quite conservative to compen- 
sate for the many relatively unknown design and operational variables that pften result in 
unsatisfactory operation. ' / ' 

Most of the SS settle out rapidly near: the inlet of a primary cell, reducing the actual BCD 
loading on the pond by 20 to 30 percent (5). Jlowever, some of the settled BQD is reim- 
posed on the pond by the O2 demand in the gasesjlargely methane, ammonia, and sulfide) 
rising from the anaerobically digesting settled solids, which offsetsr- to some extent any 
settling of coagulated diissolved solids in the primary cell. Additional depth should be pro- 
vided in primary cell(s) for settled solids, both for anaerobic digestion fnd for storage. This 
additional depth normally should be no greater than about 6 ft (1 .8 m). It has been recom- 
mended that concentric baffles be placed around the i^let, in the middle of the sludge 
storage area. These baffles should extend from i ft (0.3 m) above the cell bottom to about 4 
in. (0.1 m) from the minimum operating water level (J 5), to.keep wind action from mixing 
O2 into the anaerobic layer and stopping CH4 femientation. 

In stabilizing the sludge, gases are given off that return some BOD to the overlying waters 
during warmer weather, and* also help' to keiep pond water mixed. 

• ... . ■ •• -, ■ • \ , , - ■;■ ^ • 

Irt 'hot weather, facultative pond water depths (exclusive of sludge storage) should be main- 
tained between 3 and 5 ft (0.9 and 1.5 m) to control weed growth and improve odor con- 
"trol. In areas where icing occurs, additional ^lepth>must be allowed for wastewater storage^ 
for periods in wlucH ice cover, ice breakup, or thermal overturn prevents the effluent (in the 
absence of polishing processes) from meeting quality fequiremients. Operating depths, in 
generaU can vary , depending on local conditions,^ as indicated in Table 10-3. •» ■ 

The primary biological reactioris occurring in a facultative, pond are bacterial synthesis of 
neW* cells (symbiotically with algal photosynthesis), followed by bacterial and algal endo- 
genous respiration. Bacteria utilize reduced organic compounds as substrates; algae utilize 
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. ' • TABLE 10-3. ■ .. 

" • RECOMMENDED DESIGN CRITERIA 

FACULTATIVE WASTEWATER TREATMENT PONDS 

., Average winter air temperature/ 

■ " V > Above 59° F SS^^to 59° F , Below 33° F» 

. - • . .,: . • (15° b ' ,(0°CtQl5° C) ' /' (0° C)'r 

Total System . ' 

Influent B0D5,lb/acre/day 40to80 y^O to 40 ' > 10to20 

Operatin&Depth, ff - . 3 to 5 ' 4 to 6 5 to 7 . 

Tbtal Retention Time, days' . - 2^0 40 ,40 to (50. ' . 80 to ISO 



Initial Cejl of Multi-cell System , , ' 

Slydge Storage. Section, Extra . . * ' ^ 

.;\ Depth,^ft \ ' 2to.4; : 3 ^o 5 4 to 6 

Sludge Detention, years , 5 to 10 5 to 10 '5 to IQ 

, Depth Above Sludge Storage, ft 3 t o 5 ^ 4 to 6 - 5 to 7 

^Retention Time, days 5 to 15 . " 15 to 30 30 to 80 

:"B0D5,ib/acr^day, . . 120td"l80 60toI20 30 to 60 



^In locations where ice forms, consideration should be given to making detention tijne in 
the ponds 150 to 240 days, or sufficient for the period of ice cover plus 60 days,, unless 
other means are' provided to prevent odor and to polish the pond effluent. If strong winds 
/twluch prevent good sedimentation) frequently occur, the -orientation of the long dimen- 
sions of the portd should be about 90^* to the prevailing strong wind directibn, wind breaks 
should be provided, and/or retention times increased. ' . 

•inorganic compounds^for synthesis of new cells.' A secondary , biological action is the con- 
sumption of microscopic bacteria and algae by macroscopic protozoa, rotifers, and crusta- 
ceans. • 

The micro-organism growth rate is also dependent on the fdod-to-micr.OHoi'ganism ratio 

(F/M). The t)y products of Biochemical actions caused by the exoenzymes of^ome 
' micro-organisms are food for other biota. All essential nutrients must be balanced,, which 

sometimes requires additions of pne or more nutrients to insure the ^ost efficient 
. treatment. Mixing in the aerobic zone and in the anaerobic zone of the primary c§ll(s) tends 
"to maintain the balanced population of organisms that most efficiently and rapidly 

stabilizes the waste.brganic piaterial, ■ — 

For construction grant participation, the U.S. EPA currently requires that a series of at least 
three jcells be provided for flow-through ponds, witf^the initial cell sized to prevent ^anaer- 
obic conditions near the surface. The applicant must also agree to provide pQ3itive disinfec- 
. tion, if natural pathogen removal does not meet effluent requirements (6). 

■ •', . ■ ■ ■ •■ ■ ♦ ■ • 
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In ponds receiving settled wastewater, those with flows approximating plug* flow have 
prove.d to be more efficient th^n those with completely mixed or nonideal flovv in the re- 
moval |)f BOD, SS, and pathogens (4) (8). To achieve plug flow, transverse end-around 
baffles, creating lerigth-to-width ratios of up to 25 to I, (from inlet to outlet), depending on 
'the depth and width, have proved to be highly efficient (9). The optimum iength-to-width 
ratio can be obtained using dye-<Jiffusiori| tests in pilot plants or existing installations (8) (9). 
General criteria currently in use for the design of facultative wastevyater treatment ponds (if 
more specific data fpr the Wastewater to bejreated are unavailable) are given in Table 10-3, 
To insure less th^ 30 mglVoi SS in continuous discharge pond effluent, it may be necessary 
to increase the detention times or to add further solids removal, using processes such as 
intermittent sand filters (16), fbck filters (17.), or chemical coagulation with sedimentation 
or flotation and/or filtration ( 1 8). ... 

^Influent BOD can- be synthesized into neg^ cells ih 1 to 3 day^ in the summer and 8 to 10 
days in .the ^winter, if there is continuous mixing of ^he pond's; upper layers and adequate 
DO for jhetabolism Endogenous respiration proceeds very slowly; thus, relatively com- 
plete stabilization of the organic matter (including.'^sed,d^^ cells) in well-mixed, aerated 
wastewater will take more', than 20 days, if the Vvater temperatures are above 68° V (20° C) 
and up. to 80 days, if the water temperature is near 33° F (0° C), and then only if adequate 
mixing and DC) ar.e present (15). , , ; . 

Studies indicate that the data in Table IcA apply, in general, to facultative' wastewater 
■treatment ponds treating domestic w,astewater with pond water at 68° F (20°,C) and influ- 
ent containing 200 mg/l BOD5 (1.9).:_ >,. 



TABLE 10-4 .. 



BIOLOGICAL ACTIVITY DATA FOR PONDS 



Bacteria 



. . ■ . -v ' ' 

Retention Time, days 

Oxygen Required, nig/1 

Net Oxygen Produced, mg/1 

VSS Produced, mg/1 

Inert Organic Solids Produced, mg/1 

Inorganic SS, mg/1 

'NH3-N Released, mg/1 , • 

CO2 Released, mg/1 . . . 

Empirical Organic Formula 

Oxygen Released From Alkalinity By 
Algae During Synthesis, if 3Q0 mg/1 
of Alkalinity Present, mg/1 



Algae 



Cell 
Synthesis 

1 to 2 
112 . 

154 



108 



• Endogenous Cell • Endogenous 
Respiration Synthesis Respiration 



150 



■30 
15 
13 

206 



C5H9O3N 



'229 
187 



90 to I6OI 
183 



37 
16 



C5H9O3N 



96 



Depending on the rate of sedimentation of cells. 
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10.4.2 I^roqess Design of Facultative Ponds 



Because the ^process £|id, hydraulic designs of facultative^ponds are ihferdependent, the first 
step is to determine v|hether the pond wHl be flow-through, controHed discharge, *or com- 
plete retention. Thi^ selepUorf cari be based on the discussions in Section 10,3.1, which 
recommend complete ifetention ponds only for drier, desertlike regions and controlled dis- 
charge for those regiorf with definite se'aspnal changejn climate acc^pahied by a cold 

algal growth. The secohd step in process design is to determine 
tion (including possil?le baffles and recirculatioa) and operating 
ard, sludge stferage, an^ ice storage. '■J''. ^ , * 



winter, which suspend 
optimum pond config 
depths, exclusive^of free 



It is not necessary to. complete; the synthesis and endogenoussrespiration processes in the 

ive pond system, as long- as most of the settleable solids are re- 



initial cell(s) of a faculta 
moved, * 



Desirable objectives for 
system are: . * 



1. Removal of. the 

2. Establishment o 

3. Maintenance.of 

Most of the • settleable sol 
Biochemical action will 
material synthesized frora 
floe with SS and colloidal 



thij 



design of the initial cell(s) pTa multicell series facu^jtative pond 



For design purposes, the 
the SS in the influent, Th 



(naximum amount of SS ^ 
'5- to lO-year sludge storage capacity 

kt least 1.0 mg/1 of DO in the upper 2 to 3 ft of the pond . 

■■ . *■'(•■ ' ■ ■ ■ 

[• . _ , ♦ 

ds in the raw wastewater will be removed in the first few hours, 
:ause precipitation of additional solids which, with the cellular 
•the organic material in ra,\<^ wastewater, will also form settleable 
solids, • 



amount of solids settled c^n be approximated by, the equivaleilt of 
se settled solids may*include 20 to 40 percent of the initial BbD5. 



'To obtain a 5- to 10-yealr sludge storage capacity, the designer may assume that the sludge 
compacts to about 6 percent dry solids. The maximum sludge storage; depth should be no 
more than about 6 ft (1.8 m). The sludge storage requirement establishes the minirnum area 
in the pjimary cells(s) and, in turn, the minimum hydraulic retention time,' . ■ 

The major oxygen source available to the initiaFcelKs) to satisfy BOD is algal photosynthesis, 
with small amounts of DO resulting frorfi air dissolving into the \yater at the air-water 
interface. ' . 

■. , •. . • • ^ ■ • ■ .. , ' ' . 

The oxygen av£iilable from solar radiation can be approximated by the following equation 
(15)(20): ... , . ' 



Yq - 0.5 
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= oxygen yield, lb O2 /acre/day (Kg/ha/day) 

Sjnin solar radiation for thp month with the least solar radiation, 
cal/cm2/day (see Table 10-5). ' 



^ ^ABLE 10-5 

. ' . . * ' < ' ■ * ' ■ 

• APPROXIMATE VAtUESl OF SOL^RrpNERGY (21) 

V Latitude •' " * Month = 



Degree 



or S 


Jan. 


Feb.- 


Mar. ' 


Apr. 

— 1- 


May 


Jun. 


Jul. 


Aug. 


Sep. 


Oct. 


Nov. 


Dec. 


0 max 


i> 

25i 


266 


271 


266 


249 


236 


23« 


252 


, 269 
207 


265 


256 


■ 253 


min 


210 


■ 219/ 


206 


188' 


182 


103 


137 


167 


203 


202 


195 


. lb max 


223 


244 


264 


271 


270 


262 


265 


266 


266 


2'48 


228 


. 225 


ZCr.max^.i 


• ■179 . 


.,'4?84. 


193 


183. 


192 


129 


158 


176 


196 


181 


176 


162 


183" 


: 213 


246 


271 


,284 


.284 


.282 


' 272. 


252 


224; 


190 


vl82 


min 


134. 


V 140, 


168 


170 


1-94 


^148 . 


172 


'177 


.17^ 


150 


138 


120 


30 miax 


136 


176 


2J8 


261 


290 . 


. 296^ 


289 


.271" 


231 


192 


148 


126 


min . 


76 


/ 96 


' 134 


151 


184 


163 


178 


1^6 


147 


113 


90 


70 


40 max 


80 


. 130 


181 


181- 


286 


298 


288 


258 


203 


152 


95' 


66 


. ttjniri. 


30' 


' 53 ^ 


95 


125 


162 


.1<73 


172 


' 147, 


'112 


72 


42 


24 


50 max 


28 : 


70 


141 


210 


271. 


297 


180 


236 


■J 66 


100 


-40 


26 


min/ ' 


10 


' 19 


58 . 


97 


144 


-1,76 


155 


125 


73 


40 


15- 


■ 7: 


60 max 


■ • 7. 


3.2 


107. 


.176 


249 


294 


268 


20s 


- 126 


43 


10 


• 5 


. min 


... 2 


. 4 


33 


79 


132 


174 


144 


100 


38 


. 26 


3 


1 



ISolar radiation (S),cal/cm2/d;ay (k 0.049 = W/ni2) v ' ./ 

For design purposes;, the BOD5 loading on the initial cell(s) should be restricted to, the oxy- 
gen yield, as expressed in the. above formula. : • / 

The oxygen available from surface transfer varies.with the thickness of the liquid, film at the 
air-liquid interface. Surfactants, greases and oils; and wind action-(Avhich causes turbulence 
it the surface) have a significaht effect on the ratg at whdch O2 diffuses through the film 
into the water. The maximum rate in a year may be on th,e ordoc of 1,000 times the mini- 
mum rate. Therefore, unless there is going tp.be an apjpreciable breeze every day,^ oxygen 
transferred through the surface is ignored at this time. ' 




The initial <Jeli(sXof a* A^lticelllx^nd system should be designed as cbmpifetely (relatively) 
mixed unit(s), depending- on inlet velocities^ gaseous products from anaerobic decomposi- 
♦ tion, suriFace' winds, and thermal currents for mixing in the aerobic z^nes. The\jnixed flow in 
the primary ceil(s) may be approximated by the following idealized, preiyiousl^^ stated, first- 
order refaction equation: ' .'^ • ^ 

t^(Li-Le)Lk T 

.. • « *.•''. • ♦ ' ^ 

The initial' cellCs) should be designed so that^they can be loaded individually, in series, or in 
parallel. Thus, ane^ynit can perform alone at startup ot during sludge removal, and later, as 
the load increa$bs, l?e used in either series ^or paraUel operation. Trimary , cells should be 
nearly square in configuration* to injure an even BOD loading and deposit p^sludge. 

. ' » ■' . . . , ' ^ « , , , * ■. 

To prevent possible odor problems (which may occur after spring thaws, overloading the 
summer\oxygen resources, or during thermal turnovers), recirculation of well-aer^ited efflu- 
ent froni su6sequent cells to the primary cells may be provided to add DO and reduce\the 
BOD load on the primary ceU(s) in a series of cells. Such recirculation of seed alga also'^re- 
duces the possibility of major reductions in algal synthesis and oxygen production by toXic 
loadings 03rt)y maco-organi^ms that prey ort the more desirable algae. ^ « y 

The effluent 'from' the primary cell(s) should pass through a minimum of two, and prefer- 
ably more, additional cell(s) in series, with length-to-width jatios in each cell as large as 
possible (up :to about 25, when using baffles), keeping the width no less thin twice the ma^- 
imum operating depth (8). 

• . ' - ' . .■ • ' ■ , . * 

If the quality of the effluent^ is limited only to requirements for removal df BOD, SS, anc 
pathogens (and not nitrification), the k value can be determined in a pilot plant, using 
BOD5 in th^ determinations, particularly if the pond system effluent is to be polished be- 
fore d^hargQ. If tertiary SS removal is planned, ponds subsequent to the initial pond(s) 
only reqiiire detention time sufficient to complete the'synthesis of the raw WastCijvater BOD 
organics to micro.bial cells. Cpnversely, endogenous respiration should J)e relatively cpm- 
plete, if the pond system effluent is to be discharged without further treatment. Time re- 
uired for this more complete stabiUzation,.as stated in Section 10.4.1, will be over 20 days 
under the besit conditions (when the water temperature is over 20*" C),,and up to 80'days 
when the temperature is near 0*" C-^and only if proper conditions exist for Athe removal, of 
algal and bacterial cells throughout the system." " 0 ^ 

The necessary retention time c|n be estimated for the remaining ponds arranged in series, 
utilizing the previously stated idealized plug flow equation: . \ 

• ' ^ . - t = ln(Li/Le)/k 

\ ■■ ..." " ■ . 

10.4.3 Hydraulic and Physical Design of Facultative Ponds ■ ^ 

.... ' ■ , . . ■ . ' , , 

A Well-designed facultative pond should minimize upsets, maintenance, and nuisances and 
maximize operational flexibility, stability, and BOD ind SS removal. Hydraulic and physical 



desip features that should be considered include hydraulic retention time, configuration, 
recirculation, feed and withdrawal variations, pond transfer inlets and outlets, dike constiiic- 
tibi),i)affles, bank protection, and algae removal. ' , . ' . 

■" . ■. ' -. • ' . * ■ ■ . • . t . ■ * ' ' 

10.4.3.1 Hydraulic Retention time ' ' ' - ' 

The actual minimum hydraulic retention time in oVerflovving ponds varies with the degree- c 
mixing (or short circuiting) and the rates of rainfall, evaporation, and percolation, ^inds, 
causing intense mixing and short circuiting,* in conjunction with high rates./of ■rmnfal^Q(r 
gjound water inflow^. tend to decrease the actual detention timei while a high vatQ dfQvappT^ 
^tion and percolation tends to increase the actiiafniinimum hydraulic detentlon^^^^^^^^ 
ppnd. Wind effects can be controlled, .to some extent, by orienting the pondsi s6\ that the 
- longer dimension is in the direction of the prevaihng Wtnd^with the flow direbtiW^aw 
- . that oif the wind if mixing is desirable) and at. 90'' if mixing is not desired/Wiiid barriers; 
either artificial (snow fence or rigid baffle types) or natural (evergreens), may also \)e used 
to modify the effects of the wind. ^ ' ; ' . | . ' * 

' A high water'table will generally reduce percolation (if waste\y^ter will not adversely^ affect 
the ground water), or impermeable barriers on the pond bottoms may be- used to decrease 
percolation.. In sandy soils, the percolation rate must often be reduced to insure protection 
of ground water. The percolation test for ponds is different from that for septic tank drain- 
age fields, because a constant hydraulic head is available at the ponds. For percolaticl,n test 
procedures, see reference (22). * . , ^ . 



'^10.4,3.2 Configurations ' ' . 

Basic configurations of pond cells are/shown, in Figure lO-S.^T^e actual shapes 'willV of " 
course, vary with the site, the quality and quantity of wastewater,* and the climatic c,oi\di- 
tions expected. ' s .\ 

V *. '■ ■ ■ ■■<.- V 

Single-cell ponds are. not as efficient as multicell series.ponds in reducing algal and bacterid 
concentrations, color, and turbidity (15) (23), At -least three, and preferably four to sixV- 
series cells should be used (15). The pond system should be designed to allow any one cellt 
to be taken out of operation for cleaning and to aflow parallel flow through the first cells;^^. 
(where sludge deposits must Be occasionally^ rempved), followed by series flow through the \ 
-rem^iining cells. . ' ' . • w . ; ' \ 

The parallel configuration more effectively reduces pond loadings and is less likely to pro- 
duce 'odors in the initial cells. The first cell of the series c(S^figaration is more likely to be 
overloaded and to produce odors. On the.other hand, the series cpnfiguratiori ismore likely 
to have a lower concentration of §S, BOD, and cohforms in .the effluent of the last cell in 
the ^series. The primary cell(s) of a series system must be designed for provision of sufficient, 
oxygen to satisfy the nonsettleabie.BOD requirements and. the binthos BOD requirements.' 
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10'. 4.3.3 Recirculation' < 

Recirculation refers tointercell and intracell recirculation^ rather than to mechanical mixing, 
in the pond cell. Intercell rlcirculation occurs when the effluent from a downstream, cell is* 
mixed with the influent to an upstream cell. Intracell recirculation occurs when part of the 
effluent from a pond ceir is mixed with the influeilt to the same cell.^ Both methods return 
active algal cells to the feed area, to provide additional photosynthetic oxygen production 
capacity to help satisfy the organic load. Intracell. recirculation provides somQ of^ the advan- 
tages of a completely inixed -environment. Intercell recirculation dilutes the influent to a cell 
with an aerated, lower BOD^ effluent and, therefore, helps prevent odors, and anaerobic 
conditions in the feed zpne'of that celh / 

, Both intercell and intracell recirculation can reduce stratification and thus produce some of 
the benefi.ts ascribed to, pond mixing. Pond recirculation's not generally as efficient as are 
mechanical or diffusion aeration systems "m mixing facuPJative ponds. However, increased 
mixing by aeration can also increase the rate 6f heat loss (which reduces the water tempera- 
ture and, in turn, the rate dC biological activity) and may interfere with anaerobic methane 
fermentation by introducing oxygen into .the bottom sedimlsnt. 



Some of the more common iritrapond and interpond rfecirculatron patterns are illustrated in 
Figure 10-3. ; : . " 

An advantage of ihtercell recirculation is that the BOD concentration in the mixture enter- 
ing the pond system ;can -be reduced^as follows: . ' ; 



(l+r) 



where ' 



-.BOps of mixture, mg/l . . 
*Le = effluent BPD5 from last cell, mg/l " V 

• ^ = influent 9605, mg/l - ' - • 

' ■ _ D/ recycl e flow rate ; : / : / - . \ ' 

^ ^ " " . « \„ " = recycle ratib 

> : • . ' .mfluent^flow rate 

By use of recirculation, the orgaSiic load \:an be applied nlpre evenly throuj^out the cells, 
and organic loading and odor generation near the feed i)oints arfe minimal." 

^ ■ ■ '■ • " ' ^. ■ ' 

One disadvantage of ^intercell recirculation is^that the retention -time, of the liquid in each 
cell is reduced. The hydraulic retention time of the influent and recycled Uquid in the firstr 
most heavily loaded cell in the series system'is (24):' ^ / . 



where. 



t = 



V i= 



q = 



retentionNime, days 
volume iinjrima^ cell^ ft^ 
influent flow rate, ft^/day 



r ' = recycle rati 



Lime 



Recirciilatian may be accomplumed with highjolume, low head propeller pumps; nonclog, 
self-priming centrifugal pump^ Archimedes screw-type pumps; or air Hft pumps. Reference 
(24) contains a simplified crofs section of a propeller pump installation. 



Interpond recirculation systems may providelfor recycle -rates' of up to eight times the aver- 
age design -flow rate (25). Because of the higheXrecycle rates^ a means for thorough mixing 
before introduction to the cell is necessary.. Thijl mixing can take place in a manhole, Inter- 
pondjecirculation should ordinarily be'^fVom the effluent of the next-to-last series cell to the 
influent of the primary cellv • ' . 

■ . * . ' .■ * ' ■. ' . ■ ■ ' 

The cost and maintenance problems" associated with large discharge, flap gates can be elimi- 
nated by a. siphon discharge. An auxiliary pump with an air eductor<caii. be used to maintain 
the siphon. Siphon breaks should ,be provided .to insure' positive backlflow protection. 
Pumping stations should be designed .to maintain full capacity with minimal increase, in 
horsepower, even if the inlet and discharge surface lievels fluctuate over a 3- to Mt (0.9 to 
- 1.2 m) range. Multiple and/or variable speed pumps can be used to adjust the recirculatioa - 
• rate to seasonal load chaiiges. ^ / 

■■ ■ ' ■ ■ ^ / ' ■ 

^ 10.4.3.4 Inlets, Qutlets, 'and Short Circuiting: 

. In a California §tudy of short circuiting (26), it was found that some particle detention titnes' 
w^je as low as 1 percent of the calculated time and mean detention times could be 10 per- 
cent of the calculated 'time. Other studies using dyes in ,stabilizatioa lagoons ih South 
Africa confirmed that actual particle detention times, using customary designs, often were 
less than 1 percent of desi^ time (26). Short circuiting was found to be as much the result 
of thermal stratification as of inadequate inlet-outlet design. 

r ' • ' ■ ' ; . . . . • ■ ^ 

Pond configuration shoujd allow full use of the wetted pond area! Transfer inlets and outlets < 
should be located to eliminate dead spots where scum can accumulate and any short circuit- 
ing that may be detrimerital to photosynthetic processes. Pond^size need not be limited, as 
•long as proper distribution is maintained by baffling or dikes. 
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"A. single feed pipe arid inlet neajr fhe center of the pipnd an^ a single exit have'been com- 
monly used' since the ]92a's, p.articukrly for raw wastewater -ponds. Hovifever, .this usually 
results io short circuiting and {'ncoAsis'tent-removafs of •BOD'a^^ x 

The rocatioris^nd types, of-inle.ts and' baf^s used Within ea;ph pOnd-cari have a major effe.ct' 
in controlling ^ort citcuiting. f ypi'caj arrangements are shown in Figure 10-4. To^lJi-eVent 
clogging, single inlets should only be used' in the primary celK^) of a multicell series pond- 
system treating raw wastewater. They should be Ideated over the deepest part^f the sludge 
storage -area, ata.pdjrit 8 to 12 im.(a2 to Q^'S m) above the expected final sludge stoi^ge 
level and directed vertically upward. 'In larger primary cells, several^ inlets, instead 'of one, 
will assist in. uniformly dispersini|^e sludge deposits and the flow^'InJets ini primary cells • 
...should; discharge vertically, at a pbirit near the top of the sludge storage area: Neither the 
inlet pipe nor the nozzles should be"less than 4 in. (0.1 m) in diameter,'to "prevent plugging, 
and should be provided with flushing connections. ' 

Multiple inlets can be achieved by placing an inlet- pipe thaf has multiple ports or nozzles 
pointing at an angle slightly above the horizontal , on one side of a pond cell. The nozzle 
head losses ^oiild be about ^1.0 ft (0.3 m) each, to obtain good mixing velocity and to re- 
duce thermal current short circuiting! 4i 

If intermittent discharge is desired, it is necessary to design the.pond cell outlets so that the 
cell water levels can' rise several feet while storing wastewaters .(as shown in Figure 10^4). . 
.This design requires one\or more of ^he following; 

h Placing one or . more maqholgs, with adjustable height weirs, in the Interc^li 
transfer pipe or transfer channel, to control water levels in the preceding cell 
2. Placing a transverse pipe header, with multiple risers 1.0 to 2.0 ft (i^ to 0 6 m) 
„ above t-he bottom, to eliminate the need for a sludge baffle and toreduce the 

need for a scum baffle. Th^ risers should be in the form of reducers, to create a 
small velocity of about 0.5 ft/sec (0.15*m/sy within the neck of the^^fiser a^ the 
^ . flow reaches the header, to insure ah evenly distributed ttovz/j^^t^^QpiditiyQ 
method of creating a multiple outlet, which'^can be used inJdepen&ently'or i^con- 
junction with the first method,*is a baffle wall with orifices. T^e velocity through 
the orifices in the baffles or into the mouth of'the risers shoulT^pt exceed ^out 
0. 1 ft/sec (0.03 m/s), to prevent^resuspension of\ settle! solids/or the|lisplacement , 
. of algae from the water surface. ' * ' . " a i * 

■ 3. If icing is not a problem!, using a combination of scum (or .floating algaeK)^ftes 
extending from above high water to 6 in ;.(<). D.^^^^^ 

•sediment barrier from the bottom up" 1.0 to 2.U J|f 0.3 to 0:iS m), and>n outlet 
or sQries of outlets alsoMocated frojrn 1.0 to^^^^ 
» bottom. If ice is a pr6blem, suCh sciim baffles^^l^oaw^t^li^ the period 

^ . of ice cover. Such scum, baffles can be floating and anchored ^.f^Ia^; ' " . " 

To obtain maxinjum removal of microbial cells by settling, tfie quiescent area near an oiit- 
let must be designed t6 attain a surface overflow rat'e during pi^^flows of less than ^bdutr.^ 
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less than about 4* to 5 ft/min (0.02 to 0.025 m/s), to prevent scour of fettled algal and 
bacterikl cells, which have about the same density as water. Because winds cause most of the 
turbulence, the outlet of the scuiji baffles should be relatively rigid, to absorb, the shocks of 
waves and not pass them on. It may be necessgiry to place one or more-wind baffles, in addi- 
tion to the scum baffle, to obtain sufficient quiescence for the algae to either float or settle 
to the bottom: This latter can be achieved by sludge baffles, such as shown on Figure 10-5, 
placed around the outlet at a distance sufficient to keep the flow over the baffle at reduced 
velocity. * ^ 

To reduce short circuiting in large cells, dikes or baffles, as shown in the bpttom plans of 
Figure 10-4, may be constructed to channel the flow. Extensive research has indicated that, 
^ where feasible, placing parallel baffles in cells for end-around flow will decrease short cir- 
cuiting and improve efficiency (8). ■ . 

t» ■ ' 

\- ' ■ ■■ ■ •■' ■ ' ' • '. . ' " "• . ' 

If the pond system is quite srpall, barrier walls with a few orifices (creating enough head loss 

to insure uniform distribution), instead of dikes, can be used to divide a singlfe-cell pond into 
three or more separate cells, for better BOD, SS, and coliform removal. Barrier walls in 
northern areas muljt be designed to accommodate rising and .falling ice qowqt without dam- 
age (or be removable) and to permit storage for intermittent discharge, if that is an advan- 
' t^ge. " ■ ■ . ' •'■"n^ 

Pond and channel dikes usually can be constructed with side slopes bjstween d\horizontal to 
1 vertical and 2 horizontal to J vertical. The final slppe selected will depend on the, dike., 
material and the bank erosion protection to be provided. All soil§, regardless of 'slope, will 
require some type of protection in zones subject to wave action, hydraulic turbulence, or. 
aerator agitation (for example, around the discharge areas at therecirculation pumping sta- 
tion and areas around the influent and effluent connections). If the wind is primarily in one 
direction, wave protection can usually be limited to. those areas receiving the full force of 
the waves. For small pond cells, protection should always extend vertically from at least 1 ft 
(0.3 m) below the minimum water surface to at least 2 ft (0.6 m) above the maximum \vater 
' surface. Prot^cjtion against hydraulic turbulence should extend several f^^t beyond the area 
subject to such turbulence.. Protective material should not unpede the control of aquatic 
plant growth. IJnder all circumstances, dikes should be a minimum of 1 ft (0.3 my vertically 
above maximum wave-induced 'high water. 

Typical design -details currently ta use are presented in references^S), (9), (15), (23), (24), 
(26), (27), and (28). Only designs that insure that the effluent will consistentVmeet State 
and ^Federal requirements should be chosent taking into consideration the quality of 
coitWol^ operation, and maintenance that can be expected. 

I0r4.3.5 Designing for Good Maititen^ce ' 'i. 

All types of slope protection, such as grass, asphalt, or crushed rock, require regular mainte- 
nance, and at least semiannual rehabilitation. Odor problems result when scum and sludge 
build up at thie, edge, of ponds, in weeds, tall grass, or crushed rock. Grass sod and asphalt 
• provide the easiest-to-clean slope, protection and^re odor fr^^ when weljkmaintaihed. The 

' ' '■ y \. ' 
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tops of the dikes should be at least wide enough for a'lO-ft (3 m) all weather gravel road. 
Such a road is essential for pond inspection-^nd for the control of insects, erosion, and plant 
' growth on the dike surfaces. Because a boat is essential to maintenance, a boat ranip with 
paved surfacing at one comer of each pond is helpful. Th$ boat ramp(s) should be placed 
downwind, where' algae and floating debris might collect, to ' assist in the removal pf the 
floating solids. Proper levee maintenance can be an important aid in. controlling shoreline 
problems. • . 

. •. • ' ■ ■ " ' . ■ ' • . ^ 

Without maintenance and good design,, aquatic growths may develop in ponds. Pond depths 

V greater than 3 ft (0.9 m) will discourage rooted .growths. If not suitably controlled, plants 
cap choke off hydraulic operation and create large accumulations of floatable debris. Such 
debris usually becomes §eptic and creates odors and conditions detrimental to photosyn- 

1 thetic activity. 

In addition to regular outlets, provisions must be made for overflows as an^altem^iye 
method of drainage, in the event outlets become plugged, and for maintenance. The over- 
flow unit can be simply an intercell connecting* pipe flowing through a manhole divided by 
an- adjustable weir. Submerged overflow units must be' periodically operated to insure that 
they are clean. \ 

Provisions for stormwater and high ground water must also be included. All streams and ex- 
pected runoff, must be diverted around or pipeci under the pond system. Pond dikes must be 

above any expected flood levels. 

• ' ■ ■ • ■ ■ ^' • - ■' " ^" . 

. MO.4.4 Beldingv Michigan, Intennitterit Discharge Pond- System 

Studies on the performance of the five-cell waste stabilization pond system at Belding, 
Michigan, indicate; that intermittent discharge can, produce; an effluent meeting secondary 
treatment standards (13). Belding, with a population of 4,000 and several light industries, 
has a collection system subject to ihfiltration. The primary cell is ^mall, only large enough to 
remove settleable solids, and functions as an anaerobic pofid. The remaining four ponds, 
which operate in series, have areas of 20, 25, 7,5, and 7.5 acres (8, 6, 3 and 3 ha), respec- 
tively. The cells of this multice^ll system were designed to meet the Great Lakes-Upper 
^ Mississippi River Recommended Standards for Sewage Works (29). Table 16-6 lists the char- 
acteristics of the.cell influents and effluents. 

10.4.5 Example Computations ■ ~^ 

An example of the design computations for a facultative pond system that will consistently 
meet secondary treatment standards, given that the minimum average daily water tempera- 
ture is about 5° C (3-5° F) and ice cover is not a problem, is presented below: 



•35°N.v 
200 , (Lj) 
250 (S3) 
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Site Data: 



Latitude 

Influent BOD, mg/1 
Influent SS,mg/l 
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BELDING, MICHIGAN INTERMITTENT DISCHARGE POND SYSTEM (13) 



Quality of Contents of Tive Lagoons Operated in Series at Belding, Michigan ' 
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•Influent 


Eff. from 


Eff. from 


Eff. from 


Eff. from 


Eff. from 




Raw 


Pond 


Po'fld 


Pond 


Pond 


Pond 


Analysis 


Waistewater 


No. 1 


vNo.2 


No. 3 


No. 4 


•Np.5 ■ 




0.0 


0.0 


27.8 , 


11.2 


5.0 


10.8 . 


^•N,mg/1 


34.6 


27.3 


" 2.7 


■ 0.4 


6:6 . 


0,5 


NO3-N, mg/1 


. 0.16 ■ 


0.2 


0.44 


0.5 


0.19 


0.08 


PH 


. 7.1 


7.3 


8.6 


8.6 


8.0 


8.6 


Total P, mg/1 


12.5 


9.9 


3.0 


2.5 : 


4.4 


2.9 


OrthoP, mg/1 


10 


7.8 


.1.6 


2.0 


3.4 


2.3 


SS,mg/l 


121 ' 


76 


146 


31 


17 


22 
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Effluent quality-Pond No. 5, Late Fall and Winter Discharge 








Suspended 






Total 




Date DO 


BOD5 


Solids. 


NH3-N ' 


NO3-N 


P 


Total Coil 


mg/1 


mg/1 




mg/1 


mg/1 


mg/1 


No./lOOir 


1973 














11-5 10.5 


3^0 




2.4 


0.35 


2.7 , 


— ■ 


11-7 10.7 


8.9 


60* 


• 5.58 


0.33 


' 3.9 




llrl3 10.8 


10.3 


102 


5.58 


0.41 


3.9 


— 


11-20 9.7 


9.4 


78 


> 5.82 ' 


_ 1.1 


■3.9 




11-22 10.0 


■ 8.7 


-52 


5.22 


0.97 


3.5 , 




Total Discharge- 


-57.6 Million Gallons 










j 

1974 














1-1'5 9.7 


7."2. '■ 


9.5 


'5.7 ' 


0.82 


3-4 


— 


1-18 10.9- 


1.4 


U 


5.96 


0.66 


3.6 


— 


1-22 8.2 


5.4 


13.5 


. 7.4 


0.22 


, ,4.0 


' — ■ 


1-25 5.0 


1.2 


12.5 


9.0 


■\- 0.16 


4.4 


— 


1-29 10.5 


2.4 


30 


10.8 


0.15 


5.1 




Total Discharge-Approximately 38 Million Gallons 








4-26 , ^ 17.5 


, 6.7 . 


53 


3.3 


1.1 


-2.8 




4-29 12.0 


10.5 


30 


3.5 


1.0 


2.9 


<100 


5-1 : 10.7 


' 7.8 


16 


2.6„ 


•1.3 


3.0 


<100 


5-6 9.4 


8.9 


23. 


1.0 


1.4 


:, 3.2 


1,800 


5-7 10.0 


9.8 


12' 


0.75 


■1.5 


2.8 ^ 




5-8 10.3 


7.0 


16 


0.8 


.1.4 


2.7 


5,500 


5-13 9.6 


• 9.1 


27 


0.1 


1.0 


2.5 


<100 
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Row (including infiltration), gpcd 
Population 

. . . Precipitation, in./yr ' ' ' 

Evaporation, in./yr 
Minimum Water Temperature, 
; - Effluent B0D5,mg/l / ^ 
' Effluent SS, mg/1 V 

' . ' - ■ ■ ■ 

Because BOps does iiot include about one-third of the carbonaceous BOD, nor a significant 
portion of the nitrogenous BOD, it i5 assumed that this additional BOD can be absorbed by 
^ the receiving waters without damage. " 

^ * " . ■ ' • '. '■<■'■ * ' , . . ■ 

Assumptions " , ' ^ . 

. . ■ ♦ ■ . ■ ■ ' ■ ' ■ 

1 . Flow-through system ' 

2. Configuration: two parallel primary cells, followed by three ceUs. in series (see 
Figure 10-6A) 

3. Recirculation: up to 400 percent recirculation of second-series cell effluent to' 
primary effluent 

4: Additional treatment: chlonnation facilities only for initial design, pending results 
of 1 year of pperation of pilot plant , placed in, one of the primary cells 

5. . Reacfion rate coefficient: pending results of 1 year of operation, assume 
might vary fromi 0.15 to 0.10 v 

I. Primary Cell Design 

. ' ■ ■ ^ ' / . ■ . "^^ 

- Two primary ceUs in parallel. The volume of daily flow is: ^ 

* ■' ■ ■ 

Q = (2,000 persons) (100 gpcd) = 200,000 gpd (800 m^/day) 

V = .(200,000 gpd)/(7.48 gal/ft3) = 26,800 ft3/day (784 m3/day) • 

Assuming that after 5 years the equivalent of 1 00 percent of the SS compacted to 6 percent , 
drysolids, the sludge storage Volume needed would be: • 

V = (250 mg/l)(8.33 Ib/lO^ gal/mg/l)(0.2 mgd)(l,825 days) 
' , (631b/ft3)(0.06) . 

= 201,088 ft3 (5,630.5 m2) 

Assuming 3 ft (0.9 m) average depth, the iarea required is: 

A = 201,088- 3 = 67,029 ft2(6,166.7m2)or 1.5 acres(0.6 ha) • • 
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Using tw6 forage areas, the dimensions would "he 185 ft X 185 ft (57.4,.in X 57.4 m), with 
the bipttom of the sludge storage ''sloped from, 2 ft deep (0.6 m) at the edges to 5 ft deep (1.5 
m) at the middle ,fpr each primary pond. . ' ' 

Assume that 1.5 times this sludge storage areajs required in the primary units, with a 3-ft 
depth of waste\&ater above sludge storage. The detention time will be: 

~ , . ' t=(201,088)(1.5)/26,800 

= 11 days • 

The BOD5 loading per acre on the prima^ ponds should- be restricted to one-half the mini- 
mum available solar energy. Half the rriinimum solar energy, at 35° latitude, from Table 
10-5, is equal to approximately one-half the average of the minimum solar Energies at 30° N. 
and 40° N.: . V , ' ■ . ' 

- ' Ljnax= (70 + 24)/(2)(2) = 23.5 lb BOD5 /acre (26.3 kg/ha) 

■■■ . V ' , , ■> • ; , ' . - . ' ' , ' ' • 

The maximum probable BOB5' reduction would be obtained by using, the plug flow fonnula.*^ 
Assume 1) 20 percent of BOD5 is removed within a few hours by settling, 2) t = 11 days, 
3)fl = 1.08, and 4)k2o = 0.10.' 

kT = k2oM20-T), ^ ■ , : . . • 

y kg = 0.10/1.08(20-5) ^ ' J 

0.1-0/3.17 . • , 

= 0.0315 ■ , . 

■■ L = L-/e^^ , 
' = (0.8)(200)/2.78(0-03 15X11) 

= 16P/2.780-35 ' ' . 

=' 160/1.43 . 

- 112 - . ■ ; ^ . 

Maximum BOD5 removal = (160 - 1 12)(8.33)(0.2 mgd) 
: " . ; =80 lb/day (36.32 kg/day) 

The minimum probable "BOD5 reduction would be obtained by using the complete mix 
formula. Assume \) Lj = 160 mg/1, 2) t =11, 3) 6 = 1.08, and 4) k2o = 0.10. Therefore: 

ks = 0.0315 

Lg = Li/(i+kt) ' ■ - . 

. = 160/[1 + (0.0315)(11)] ' . • • 

■ . = 160/1-35 , . ' , . ' 

= 119 . • • 
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Minimum tiODs removal = (160- 119)(8.33)(0.2) - . . - * 

' = 68 lb/day (30.87 kg/day) 

' Pending the. results of the pilot plant study, assume the BOD5 requirement is the averagVof 
the probable maximum and minimum BOD5 : 

.... ' • • ^ ^ • \ - ■ ' . ■ 

Average BOD.5 removed = (8p + 66)/2 

= 73 lb/day (33.14 kg/day) . r - 

From Table 10-2, it can be assiTmed that the k values can be reduced about one-third by ,100 
percent jrecirculatipn, during -'raiergencies. Thus, the area required to provide the needed 
oxygen is: ' ' * ' ' v 

V ■ A = (73)(0.67)/23.5 

= 2.1 acres (0.85 ha) 

= (2.1X43,560 ft27acre) = 91,500 ft2 (8,509.5 m2) " ' 

Two cells, ,2ip ft by "220 ft (63 m X 66 to) in parallel, each containing sludge storage areas 
varying in depth from 2 ft (0.6 m) at the edges to 5 ft (1.5 m) at the middle, will meet pre- 
liminary design requirements. 

Sludge Baffles ' . / 

Place two sets of baffles parallel to the sides and 35 ft (10.5 m) and 70' ft (21 m) from the> 
inlet (see ^Figure 10-6 A), These baffles are to extend from 1 ft (0,3 m) above ^the bottom to 
2 ft (0,6 m) above the sludge storage surface, to reduce velocities neiar the top of the sludge. 
Most of the sludge accumulation' will be inside these baffles. 

Inlet ' 

Locate three in the center of sludge storage areas, discharging vertically at 6 ft (1.8 m) above 
bottom and 1 ft (0,3 rri); aboyg'maximum sludge elevation. 

Outlets ' ■ ^ 

length of sludge baffle needed to reduce velocities to less than 5 fpm (1.5 m/min) is^: 

L = 26,80@/(60)(24)(2) = 9.3 ft(2.8m) 
With a diameter of: 

D = (9.3)(4)/7r= 12ft(3.6m) : . 

Use two concentric surface baffles, with radii oft 16 arid 8 ft (4,8 and 2,4 m) ifi^tlie comers 
around the bu^tjef, and a 6:ft-radius sludge baffle: Outlet will be vertical with a metal cap 
(see Figure 1 0-6B), , . v 
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EXAMPLE FACULTATIVE POND SYSTEM 
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2. Series Porids Design ^ > - ' 

Three in series will follow the two parallel primary ponds. The total BOD5 in the primary 
pond influent wilj Jxave been reduced by the BODs removed in th6 settled solids and by cell 
synthesis. Under the worst circumstances, the minimum BOD 5 reduction would be about 
30 percent of the nonsettleable BOD5 . Without good pilot studies, this^should be assumed. 

Influent BOD5 to the Tirsfcell of the series, assuming no recirculation: 

. - Li = (0.7)(160mg/l BOD5) ' 

^ V • ^ Li=112mg/1 • 

(This is confirmed by the probable BOD5 removal above.) 

Effluent BOD5 must be less than 30 mg/1. ' 

Required detention time may be approximated,, using plug flow formula. The value of k 
may be appro^i^imated from: ' ^ ^ - 

. . ' ■ = k2o/0(2O:T) 

assume • / . ? 

k2o= 0.1 ; . . : " ^ 

: r ks = 0.1/1.08(20-5) / 

: ' . tj = ln(Li/Lfe)/k?r 

: tj = In (112/30)/0.03 = 1.317/0.03 ' ' / 

/stj = 44 days' , ' j . . '[^ 

The area required in the series ponds is ' * . . )^ .', I 

A = •ld6(.2 mgd)(44 days)/(7.48 gal/ft3)(3 ft deep) 

A = 392,000 ft2. (36,064 m2) < . , 

Assume the equivalent of a division dike at 2 ft aBt^ye the bottom of u 7-tt-high dike, -with 5 
fl maximum water depth, 10 ft top width and 1 :3 side slopesr~~~ ~ 
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and 




w= 10 + (2)(3)(5) = 40ft(12m) 
Thfe two primary ponds then vWll be 

w = 2 <210) + 40 ^ 450 ft (135 m) 
Using' the configuration shqwn on Figure, 10-6A, the width of ea(^h Series, cejl will be 

(450-80)/3= 123ftX37m) 
and the length of each cell will be . A 

*# •.*'■ ' ; • ' • , •. . . ■ ' • , . .'■ 

>".*•'. . ■ " ^ 

' L = 392,000/(123X3) = 1060 ft (3 18 m) - 
Baffles I . \ , 

To decrease the ishort' circuiting, the lehgth-to-width' ratio in each of the three series cells 
may be increased from about 8:1 to about 32:1 by placing a i,00d-ft-long, 6-ft-high baffle 
in each pond. This baffle addition would' require relocation of. the inlets'and outlets. Piiot. 
studies wili indlicate ijvhether such baffling' is cost effective Under the specific site conditions,-^ 

InletSi ■ . : ' ' :■ . ■ . ^ ■ ■" • • ' • . 

In each of the three s.^!ries cells where baffles are installed, place a 50-ft-long multiple-nozzle 
pipe inlet on the bottom; wi^h the nozzles pointed up and to the rjear, t'o 'achieve good initial 
mixing. If baffles ar6 not installed, the^ pipe should be instailed in a corner parallel to a side 
pointing up and toward the opposite cdhier. . 

Outlets ■ , " ' ' . ; , ■ 

^The outlets df the series cells are to be the same as those of the primary ponds. ' : 

. Chlorin^ Contactor ; 

^; The isimpfest 13 an effluent pipe, Resigned to flow full at all times' with, a 

rtihiinxim de^^^^ 

• . ' ''': ■]■ ^' " . • ■ ■ r . ^ * . '■ ■ ■ ' ■ 

Emergency Storage \ \ . ' ' ' ; " • 

If the normal operational depth is kept to betvveen 3 and 4 ft (0.9 to 1.2 m) a space above 
the normal operatioli^i depth (up to 5 ft) wiljlalwj^ys be' available for. emergency storage. 
This win provide between 20 and 30 days storage." 



3. Pilot Plant Design . • , \ r . 

A simple method for conducting comprehensive julot studies would be to construct only 
one primary cell initially. Before system flow reaches its design level, Using temporary mov- 
able baffles, transform it into a multicell Series pilot plant. Sludge storage does not need to 
be provided for the pilot ^tudy.fThis one primary cell unit, based . on detention times,''could 
handle (1 y2)/(l 1 + 44^,; or ^ttqjit 10 percent of the design flow and the wastewater gener- 
ated by about (0.1)(;206by, or 200 persons (the amount that reasonably might be connected^ 
initially). 

Configuration , ■ 

• .... - ■ ^ ' \ ' ' /M ' .■ ■ ' 



Divide the one primary cell into one^ primary an(l three' series cells',*'a^»^AVn in Figure 10-6B. 
The area of a single primary pilot cell would be 11/55 of^rtjie primary^^i^^^^^ 
^= 9,240 ft2i850 m2) (about 95 X 100 ft). The wid&s of the series pilot cells would ^e 
about 35 ft (10.5 m), makjrig^e combined length of the three^cells 925 ft (278 m). This re- 
sults in a total length-to-witith';ptio of about 26: 1,, the same ratio as in the design cells. 

The configuration of this pilot-systenr- s^esc^^^ be near enough to that df the pro- 

jected, full-scale system to reasonably 'siinul^te the exp«pled performance of the Jarger sys- 
. tem for further design purposes. ^^'J ' " , ; 



4. Modifications to the Basic Design (if significant ice cover) 



'yConfigiirqt'idn: > i 

/Tfee^^^^^^ 1 and 2. (except any bdffles .l^tiat might be damaged by ice should be remov- 

IdW^^^^^^ nonbaffled additional cells in s^4es parallel to one side of the firet configurj- 

/tiori).(s^e: Figure 1 0-6 A). 

Storage/ ■ ' " / ■ ".--'i^ 



^5 ^» 



To ''tie achieved by making primary cells 1 ^fi^O?^ m) deeper (6 ft total, excluding sludge 
• storage) and subsequent cells 3 ft (1 m) deeper (^' ft t6tal) ^n(J addii^two cells 8 ft deep, to 
provide (5 months of storage. , - 

' ■ ^ ' . ■ . .rf > 

' • '. ' * i 

^Additional volume required for J 80 days * Storage . , ^rv; - 

' V = (180 days) (26,800 tt3 /day) = 4,830,000 ft3 (13,524 m3) 

;y<3Ui'me available for storage by deepening prirnary po£uJ^.to 6 ft (din) and the series ponds 
:;.tQ.8ft(2.4ni)is:. - ' ' . 

PrimaiJ ponds: (201,088 X 1.5) = 300,000 ft^ (84,000-ni3) (Note: 3 'ft storage available 
above fifw.L.) • ' . , .■^,v^. -','' ■ . Z - , . • ■ ' ■ 



Series ponds: (385,000 X: 5)^1,925,000 ft3^^^ 5 ft storage' available above L.W.£). 



Total 



[opOft^ (62,300 m3) 



.V 



Volume required in two stbrage/tfonds is: . vf^ " ' • 
WithadeptliorSft, thearearequ^^ -■■[ V - ,- 

Each Storage teU Could thus b^tis.'fi m ^A;iS,xaXf' '\ ; 



1 0. 5. Aerated Pond Design 



If space is ecpnomically avmlable^ aerated ponds may be tto^most cost-effectiv^^ in 
comparisoh tp other treatment alternatives. Also, if existing lac^ilt^?^ or aejcobip ponds are 
overloaded, aeration facilities may be added to meet pond 4j(xygen requirements. Ponds de- 
" pendent obl^ 'on :aljgae and air-water surface transfer fc^f owteenfe t6 10 tim^es as 

niuch volu|i^^|is aerated ponds. B6D5 loadings of up to 400 to S^m^ fb 550 

kg/ha-d) caih be used for ^er^erd ponds subject to icirig, i^Q^ra^^^^ Ib/acre/day 
(45 to^67 %fl^a«d) f or unaera^ed facultat^^^ ponds ndt ^b||pt t^icing::|'^erated 
produce;^ more cohsistently^^^^^^^ tHrough tli? winter ^%d ^spring , than can 

l^cftltative bbn^sV^^A^ leaV thrbe cells are usually required tb proJfoce adequate separation of 
tffe bacterial^ ^al, ancl- other micro W cells produced . during the metabolism of organic 
waste matter.. l|/the ponci^ are in porous ^ound, the cost (rf.sealing is leSS'.foi: aerated ppnds 
and, in gener^,(pie costs of exQ^vationah^ diking are much . :^y . - 

• ■ i - . 'i^" ... ■ ■ V . ■■ . ■ ■ : .. 

Aerated ponds pn be either aerfebic or facultative. A^ratec| aerobic ponds are designed to 

maintmn comjpl^te mixing,-^ velocitie^ of about 0.5..:fps (0.1 n^/^<(^;' 

Aerated facultat}v^e^(p^^^^i^ are designed toj maintain a minimum ol'.'2^^^^ 

. mg/1 of PO hi^ t|e tlVe liquid: However, the s^wer mixing afforded in aei^^ted 

facultative ponds ai^s some settling of SS. Tlie aeration System should be abl^ to transfer 
up to ^2.0 lb' Oj/lb BGD5 applied uniformly throu|hout\^in aerated facultative pond when^ 

\ the' watfer temperature is 20° C. Intermittently aefeated poids are designed only to provide 
sufficient oxygen to prevent anaerobic conditions' usuaU^ during period^^^^ 
spring pd fall turnover; icing, anji'at night during wann periods when d'aytime pliotosyn-' 
thesis alone would not provide' sufficient dxygfen. The ox^gbn requirements underice cover 
can be reduced to: about 0.5 Ib/lb.BOPs applied, bio-' 
logica:i decpmpositic^^^^ ' 



10| 



i>)A?rate4TPciiltative (Partial Mix) fbnds. 



The fac^pfetiVe , typei;6m'^^^^ pond is more commonly used th^/the aerobic ifor several 
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I . Separa^te slu^lg^Jiandling fais^^^ 

aerated facu£ta€^e ponds. ;^ ; v ;. v ? ! >^ — V ' . 

2. Aeration equipment is much sipalier faeca^^^^^^ scburing velocities are 

, not required in aerated facultatiyis pofids: ,^ > .... 

^3. Less operational control is required in. aerated facultative ponds,. ' ^ 

4. Less oxygen is required because spriie p^^^^^ is satisfied' anaerobically in 

aerated facultative ponds. . ^ ' 

• 5. ^Extended-aeration, activated sludgfe or oxidation ^ systems are usually more 

cost effective than the abrobic aerated system^^ and 

sludge handling facilities. "^^V ^'y V ' ' 4; ::. 



\ 



In colder climates, aerated ponds should be at least' 10 ft (3 m) and up to 20 ft (6.1 m) 
deep, to minimize through-the-surface heat losses. Dectpasfirig'the aifea by 50 percei^t pro- ■ 
vides roughly a 7° F (4° C) higher wastewater temperatiire 'and results in a 50-percenVin- 
cirease inmicrobial activity (23). "1^' . / . ■ . 

If detention time is less than 8 to 10 days, SS in the- aerated pond effluent generally settle 
well. Algal growth becomes^increasingly . predominant at Retention time^; of 20 days, and 
above in akated ponds., Ponds operated at a detention tinafc'bf more than 20 days in warm 
weather, therefore, are apt to have effluents with poor SS ■settling-similar to those of stabi- 
lization ponds (30). ' ^ . ' 

To accommodate mixing inefficiencies, surges, toxicity, seasonal nitrification, and other 
factors leading directly oT indirectly to peak oxygeji^demands, a safety factor.ef ap to tvyo 
should be considered ' in • designing b>fygen^ based on BOD5 td^ding. Be-: v ^ 

cause of fluQ^^fions in loading and tei^perature,^ simplification of operatipn/^and othe^- , 
factors, :thfe oxygen requirefiient determination for sizing the aeratiqn equipment should be\ .v- • 
ba^d (ih peak 24-hr summer loadings. However, the detention time in tjie- aerated pohds ^'^•'•^ 
/, d6peiidsj cin* the rate of metabolism during the coldest period of the year, when the oxygen 
demand jate is at its lowest. Including. tjie above re|commended.'.s?ifety factor .of two, the 
splublje Ppbs.at 20° C (78° F) should' be synthesized:. ij^^^^^ cejlurar'material in 2 days (30). 
Therefore, the configuration of ponds sWuld be ^suoh, that the' detention time'is kept be- 
tween about 3 and 10 days in^wai^ii weather 5A,di be^ about 8 and 20 days in cold 
weather, to reduce the possibility of gtbwth of single-cell gteen algae. v • 

: Algae will be produced in aerobic facultative ponds, unless the velocjfcty gradients are great 
enough tcP prevent algae growth during the detention period. Usually, conditions ViH be 
such that some algae* will be. produced. To prevent their' escape from a cell into the efflu- 
ent, a quiescent area should be designed fidjacerit. to each cell outlet, with an overflow ratte 
of 800 gpd/ft^ (32 m3/m2-d)iorless. Baffled outlets,, similar to those described in subsec- 
tion ^10.4.3. 4, should be includecl in the^esAg^n.In^dition, some ^m 

lence',^ such as a fence of verticaT'slak, shouB be place^ outside the settling- zone, but inside ^ 
. theputer wind baffle. Even so, the concentration of SS in the pond system effluent may not : 
;;meet secondary effluent requirements at all time§ of the year without further solids removal r[ 
^-.Before discharge. ^ ' ' . . ' i 
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Some 10 to 20 percent of the oxygen demami in aerated pond systems can be satisfied by 
surface aeration under average conditions. In aerated facultative pOnds, the equivalent ^jdf 
about 20 to 30 percent of any settled BDD5 will ris^s again into ^e liquid, , while .70 to 80 
'perperit of the settled BOD5 remains in the bottom deposits, depending on the degree of 
mixing and anaerobic digestion. In aerated facultative ponds, the. combination of surface 
aeratjion and the satisfaction of 70 to 80 pWent of the BOD5 in the settled solids.by an- 
aerobic processes will reduce the oxygen that must be supplied by artificial means by 20 to 
40 percent. These factors^plus the additional energy needed for complete mixing, account 
for the 2:1 to 4:1 difference in energy requiren^hls for aerated aerobic .an^ aerated facul-^ 
tative ponds (30). 

However, periodic upsets by shock discharges of organic loads may cause ihcreased oxygen 
demands. With well-monitored operation, these fluctuations in demand c^n be relieved by 
variations in the rate of recirculation of aerated effluent. During early stages of operation, 
an aerated pond°is usually underloaded, and detention time is long.enough f6t some. nitrifi- 
cation to take *place, thus requiring more oxygen than the BOD5 determinations alone 
would indicate. 

Under normal conditions, the ultjmate .carbonaceous oxygen clpfh'aftd of the raw wastewater 
is about 1.5 tipies the BOD^; the nitrogenous oxygen demand' is about 4.6 times the ^ni- 
monia nitrogen,' or equal to about 0.5 the BOD5. Thus, the^ultimate oxygen demand (1;^ bir 
UOD) of domestic wastewater is roughly twice the BOD5. 

Because there is little difference in the rate of oxygen utilization above about 2 mg/1 of DO 
and more energy is req^iie'^^:q^tjmain higher levels, the aeration facilities should:^,be de- 
signed to permit variatloHvin thS^jate of aeration. ^ v.yjjc 

It is- important >t(^^-' remember ^that the hydraulic, characteristics of aerated ponds follow' 
neither an idealized "completely mixed*' pattern nor an idealized "plug flow" pattern (31). 
The overall performance of aerated lagoons may be evaluated usingtinequally sized, square 
CSTR's (continuously stirred tank reactors) in series model (31).. 

The required detention time can be determined on a preliminary basis using the following 
equation (32): ' | > 



where * 



tj = detention time at T, days ^ * 

T - water temperatwe, ""C (to obtain water temperature [T] from air' 

temperature, see Figure 10-7) 

■ . ■' , .♦>■... 

• . ■. .'^ 

Lg = effluent BOD5, mg/1 ' - 




0.2 ^ 0.4 0.6 ' 0.8 . 

(Ta-2)Ti RATIO OF'WEEKLY AVERA.GE AIR TEI^PERATURE 
JO INFLUENT WATER TEMPERATURErF) 
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FIGURE 10-7 



AERATED POND WATER TEMPERATURE 
PREDICTION'NOMOGRAPH FOR A POND DEPTH OF 10 FEET (30) 
(FOR VARIOUS LOADINGS AND. RETENTION TIMES) 
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t 

Li = influent B0D5,mg/l \ 

kj = BO0U removal rate constant at T, days' ^ = k350(35-T) 



BOD5 removal rate at 35° C,days" ' (an approximate value of 
is'1.2)(7) 

Fo^ domestic wastewaters, lacking the desirable specific pilot 
study, determinations, 0 can be assumed to be L08, for aerated 
ponds. ■ ! 

BODu,^ instead of BOD5, should be used to satisfy the ^ultimate carbonaceous oxygen de- 
mand. If SS removal facilities follow an aerated pond, reaction rate values for detepmina- 
tions of design retention time should only include synthesis reactions and not the additional 
time required for endogenous respiration reactions, 

10.5.2 Aerated Aerobic (Complete Mix) Ponds 

Because no settling takes place in anfra^rated aerobic pond, its primary function is the con- 
version of raw. organic matter to dfssolVed solids and cell tissue. Quiescent settling areas ad- 
jacent to cell' outlets and/or an added SS removal process (such as a clarifier or slow sand 
filtration), must follow aerated aerobic treatment before discharge to insure compliance 
with SS removal requirements. Unlike algae in facultative ponds, the microbial cells (mostly 
bacteria), resulting from aeration of only a few days, usually will-agglomerate and settle sat- 
isfactorily. Solids are often returned to aerated aerobic ponds to improve performance dur- 
ing cold periods. Under these latter circumstances, the pond system becomes a moderately 
efficient, modifi6d activated sludge process. * 

In an aerated aerobic pond, the amount of oxygen required (exclusive of that needed^br 
jaitrification>can Be approximated from (10): 

• ■ ■ . ■ , ' ■ '> ■ . > 

^ ^ Or = aLr + (b) (MLVSS) • Z'*^ ^ 

where - ^ ! . . < 

,1 

Of = oxygen required, mg/1 ^ ' - 

- . a = ratio of oxygen used to carbonacous BOD^ removed, which is 

/ Usually 0.35 to 0.65 and averages 0.50 for domestic wastewater. 

Lj = BOD removed in pond, mg/l 



where 



k35 = 



b = ratio of carbonaceous BODu (mg/1) to MLVSS (mg/1), which is 
usually 0:08 to 0.14 and can be approximated as0.12 fordomes- 
' tic wastewater * 

MLVSS = mixed liquor volatile suspended solids, nig/l 

The second term in this equation can be dropped, if the detention time is small enough, to 
prevent endogenous respiration. The aerated aerobic pond, with a 24-hr aeration period 
(under ideal conditions), represents an economic design for municipal wastewater ponds, if 
the minimum water temperature remains above 20° C (43° F), because.it requires the 
least time and land requirements to reduce the soluble BOD5 to 4 to 8 mg/1. Aerated ponds 
can be considered completely mixed , when the pov/er level is equal to or greater than about 
30 hp/106 gal (5.9 kW/106 1) of maximum storage volume. 

• ' * ■ «. ' 

10.5.3 Oxygen Requirements ; 

The rate at which oxygen m^ust be supplied, to satisfy oxygen requirements (exclusive of 
nitrification) can be determined, pending the pilot plant results, from the following equa- 
tions (30). The oxygen requirements in each cell will vary with temperature. 

= 4.17 X 10^3 (L^)(l/t#+bj)(c) 
where * . 

Or = ojcygen required, lb/ 1,000 gal/day ^ 

'^'^ ' ■ • ■ '. ■ . ■ 

Lu = ultimate carbonaceous oxygen demand (BODy) of influent, mg/1 

t = detention time, days • . . 

>• ' . • 

bl = endogenous oxygen uptake rate, day (about 0.13 for munidpal 
wastewater) ^ ^ 

c = ratio of mixed liquid BODy to influent foDy, which can be as- 
sumed (pending pilot plant results) to be about 1,05 in the winter 
and 1 .20 in the summer. 
'• * *■ ** 

The oxygen transfer rate must be greater than the oxygen uptake rate. The power level re- 
• quired to satisfy the oxygen transfer rate, using surface mechanical ae'rators, can be deter- 
mined from (30): ' 



o ^ 



where ; ' _ _ _ — 

Pv = delivered power, hp/ 106 gal 
Osrr = oxygen saturation at T, mg/I (water T can be obtained from Figure 

/ . 10-7) ; ; ,\ 

Ol = required oxygen concentration in pond, mg/1 

= ultimate carbonaceous oxygen demand of influent, mg/l 

Nq = oxygen transfer efficiency, lb O2 /hp*. hr 

; . t = detention time, days . * . 

Figure 10-8 illustrates the possible use of\this equation, given, an oxygen transfer efficiency 
of 1.7 lb 02/hp-'hr, a summer saturation DO of 7.0 mg/1, and a minimum DO to be ipain- 
tainedVof 2.0 mg/1, at different levels of BOD5 in the influent (30). The curves in Figure 
10-8 must be altered to reflect the specific oxygen transfpjr : efficiency of the mechanical 
aerator beipg used and the i^O conditionk which ex|^^^^^^ the example.y" 



. Aerated facultative jpqiWcan be. designed >to jcohserve i5ner^^^ supply is reduced 

in steps from ihe entrance to the outlet o^the'p wd^Reduction' m steps cari^e accomplished 
Jyy 1) several jiiijr^as^ in spacing between difftisers or mecihanrcal aerators or 2) reductions 
in power to^ aerators to more nearly match, decreasing oxygen requirements of the organic 
matter iri the Stabilized wastewater. Peak influent BOD5 concentrations can be reduced by 
recirculating treated effluent to the pond influent. There should always be some recircula- 
tion (5 to 10 percent) of final aeration cell effluent to the. influent, to maintain a satisfac- 
tory mix of active microbes. ^ • ^ . 

• Other less widely used methods of aeration, such as air guns ai;id helical units, should be con- 
sidered. This type of -equipment. allows greater depths, up to 20 ft (6 m); like diffused \ 
aerators, it can be used effectively, even in freezing temppratures. Care should be taken 
when .using manufacturers'^-^ design' criteria, because no standardized rating procedure ,pres- 
• ently exists. Table 10-7 presents a comparisoa^alternate aeration equipment for aerated 
ponds. Illustrations of this equipment are given. in^igure 10-9. 

Diffused aeration through plaistic tubing or vertical tubes produces slower mixing than 
• /V mechanical aeration, which is morexortducive to^ growth of algae and more uniform distri- 
bution of the oxygen resources throughout a facultative aerated pond; However, mechanical 
aerators use much less power*in transferring oxygen -to water than do diffusers. With ade- 
!■ quate separation of bacteria -and algae from the effluent," a 90-percent BOD5 reduction is 
possible. The critical effluent quality parameter from aerated- lagoons is the SS concen- 
tration. , ' 
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POWER LEVEL FOR OXYGEN TRANSFER (30) 
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TABLE 10-7 

• ■' ' ' ' ■ • ■ , • ' 

* ■ ■ ■ ■ ' ' " 

' TYPES pF AERATION EQUIPMENT FOR AERATED PONDS 



Oi.lb 



Oxygen 
Production 



■'•■"'v'i-' ' " 
^otoT Aeiadon Unit 

(brush lype) 



3.5 



'"-,',1;,.'. ■ 




Wastic Tubing Diffu^^':, 
Diffused AeraQojjj^ '* -i 



0.2-0.7/lOOft 



r 

■ I > ■ 



"..If' 



0-5 to 1.2 



Air-Guji 



4 



!i^.0.8-T.6/unit 



12-20 



Power' Cprtimon 
Requirements Depth 



100 



(Standard Q^ndition) Ib02/hp hp/lO^gal ft 



Advantages 



10-15 Good mixing and aeration ;; Ice 
35 . J capabilities; easily removed ing weather; ragging 

25 ' for maintenance. problem without dogless 

* impeller. ^ 



3-10 hobablyunaftfecte^ 

freezing; not ai^ected by 

sludge deposits, good for V 
oxidation ditches. " 

3-10 Not affected by floating 
debris or ice; no ragging 
n problem, uniform mixing 
& oxygen distribution. 

12-20 Mnt afrA^iwt -Anil 



Reiqtures regular cleaning 
of air diffusion holes, en- 
ergy conversion effi- 
ciency is Ibwer. 

Requires r^ular cleaning 
of air diffusion hoIes.<en- 
eigy converdon effi- ; 
ciencyi? lower. 




DIFFUSER HEAD 



MOTOR 
FLOAT 




.^PROPELLER- 



INTA.KE "VOLUTE 



FLOATING SURFACE AERATOR 



ROTOR- 



MOTOR 

MOTOR MOUNT 
ROTOR BLADES 




FLOATING ROTOR AERATOR 



WATER 
FLOW 



AiR 

SUPPLY 




WAT^R SURFACE. 



AIR SUPPLY 
TUBING 



CONCRETE 
BASE 



HELICAL AERATOR 




• AIR' G'UN AERATOR 



AIR HOLE 



POND BOTTOM 




PLASTIC TUBE AERATOR 



FIGURE 10-9. 



SCHEMATIC VIEVy OF VARIOUS- 
TYPES OF AERATORS . 
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Mechanical aerators^ used in aerated ponds^ are generally divided into two types; 1) rotor 
and horizontal shaft aerators (Kessener brush) and 2) the ipore common turbine or propeller 
vertical-shaft aerators. In all types, oxygen transfer occurs through a vortexing action and/or 
from the interfacial exposure of large volumes of liquid sprayed over the surface. 

Rotor aerators, relatively new in the United States, are particularly adaptable to use in 
shallow ponds (such as Aerobic ponds) that are less than 5 ft (1.5 m) deep. Although no pre- 
cise comparison has been made, rotor aerators appear to have a muqh greater pumping 
capacity than the propeller aeratdrs'(24)/ ■ -I- 

Propellers aerators ^require a minimum depth, depending on the horsepowei; of the unit . For 
shallow ponds, a large number of low (lorsepower units are required, and the cost per horse- 
power rises. The prppeiler aerators tend to recycle much of the volume pumped, especially 
in shallow ponds (24): 

Floating propeller or turbine aerators are mounted oiit in the pond, far enough apart to 
minimize interference with one another or with other pond features. If used for shallow 
ponds, they require minimum depth pits, lined with erosion-resistant surfaces. These 
surfaces are usually some form of paving, such as ro{:k, asphalt, or concrete. Power access is 
usually via underwater cable; maintenance access i& almost always by boat (24). To optimize 
aeration and mixing and to avoid interference between units, aerator manufacturers have de- 
veloped criteria- for minimum areas and depths, depending on the horsepo\yer of the aerator 
and the configuration of the impeller. • - ^ 

Floating rotor aerators'^ may be mounted in the pond or directly off the dike slopes. The en- 
tire dike slope in the ihimediate vicinity should be provided with erosion protection. Units • 
mounted on the slope^offer easy -access for maintenance and'^repiair and the extra reUabiUty 
of an above-water power supply (24)., , ^ J 

Aeration systems are designed on the-basis'of their oxygen-transfer rate at;staridard condi- 
tions. Stanilard conditions are defined ;as l.Q atmosphere ^dry pressure at 20° C<40° F) for 
tap water containing 0.0 mg/1 DO. The required rate at wlych oxygen must be transferred to 
the wastewater to raise the DO the desired amount under actual operating conditions is 
given by the following (33): ^ ^ - 

' ^ AOR = 8.33Q(CTCi) 

where: . ^ 

AOR = actual oxygen-transfer rate, lb O2 /day. 

. ■ . '• ■ ' • ■ * ■ - ' 

P = influent flow, mgd 



C = 



rec^ired final DO concentration, mg/1 
DO concentration of the influent, mg/1 



The actual oxygen-transfer rate may be adju^l'd to standard conditions by applying correjci- 
tion factors, according to the foUowing equation (33 , >;r ^ 



SOR=, 



1.024T-20a 



whe|b 



SOR = stajicjard oxygen-transfer rate, lb O2 /day ' 
Cg = DO saturation concentration of tap water at temperatuii-e T, mg/l 

. . ♦ 

C20 = DO saturation concentration of tap water at 20"* C, mg/l 

; T = design temperature of the wastewater, ®C 

a = O2 transfer coefficient of the wastewater 

^ = O2 saturation coefficient of the wastewater 

Diffused air systems are designed to provide firm blower capacity, which is the capacity re- 
maining with the largest blower out of service. The maximum air^.rate required to provide 
firm capacity may be computed from the standard oxygen-transfer rate as follows (33): 

* • ■ • ■ . 6 . 

• 'a = SOR 

'Tin 



1440et7aPo 



where ' '/ 

.= firm blower capacity, cfm , v ' 
e^ = diffu^ivity of O2 in air , 

, 7a specific \yeight of air at design temperature and relative humidity, 

Pcf . 

■ • . ■ ■ • ' ■ . .' * . . ■ 

^0 ~ O2 content of dry air, proportion by wei^^ 

Mechanical aeration systems are designed on the basis of the horsepower required to pro- 
duce the needed standard oxygen transfer rate (SOR). One aeration design equation pro- 
posed by Kormanik for an aeration basin is (33): 



where 



P ^ horsepower required 

^SOR = Standard oxygeri-ti|[nsfer rate, lb 

Nq = 02 transfer efficiency under standard conditions in. tap water/lb.. 
02/hp-hr .v. ' 

.*F^ =r.;;Cor 

' / 17 = aerator efficiency correction ^ V- * , 



■ i^it^inaqre inforrnation on aerat6r and aeration design refer to Chapter; 7v 



'30.5.4 Aerated Facultatj[ve, Pond Design Procedure 



A procedure for the desigh of facultative aerated ponds is as follows: . " 

1. Detention time can be estimated from the following (previously stated) formula: 

. ■ . * (" ■■ * ■ 

■ :■■ ' ^^"^ - '-Iv: ' 

2. After establishing the best depth" to be used .for a specific type of equipment and 
location, establish the pond volume from: 

i- \ ^ V = qt . . r 



where 



I 

i 
I 
I 



V = volui^ie, ft^ ' 

q= influent' flow, ft^ /day . / . ^ . ■ 

t = detention time, days (from Step 1 , above) . ' 

• . • 

- • . ■ ■ I' .'■» 

' 3. A Divide the voluqie^into three of more ':cdlSi^ (with the fifst cell th6;largest. For 

aerated facultatjye ponds, all cells after the '^rst should have diminished aeration, 

thus permitting settling. . ^ \ ' . 

4. Determine the daily oxygen requirement for the warmest period to satisfy the 

V heaviest expected biological oxygen demand for each cell: , ^ , 

\ ■ ■ * • . ' 

• •. ^ OR:=4j7x:ip-3(Lu)(i/t + bi^(cr^^ :^ ^ , li 



(If al pond cell is to completely mixed> the power lev6lshojuI(J tt^ 

30 hp/106 ^al (5.9 kW/m^) of maximum, storage voluinvw^ 

satisfy oxygen needs. At this pbiver Jeyel, t% tuni? should be kept to a rn^^^ 

■ to conserve enerjgy.) ^ ■^:\''^-'L ^, ' ^-V; v'-; ^' 

5. Determine the po^wer requirements for differenirtypes of mec^^ aeration 
equipment (or air requirements for diffusers) for/^ach cell. If icing could occur, 
determine the measures required to prevent capsizing aerators or a power that 
failure that would aUpw ice to inactivate the aerator! ' ; ^. ^ 

6. Determine if measures miist be taken to insure efficient .SS reitioyal from the . 
effluent of each ceU/ to /satisfy effl^^^ aerated. 

,^ aerobic or aerated facultialive';ponds should minimize passage of SfS in' the effluent 

• using multiple^ weU^affl^outletf designed to withdraw wast^wg^ter at loW;W 
V;:'':r..^. 1:^9®^!^^ fr^^ ^he middle depths -of, the^portd;^;^^^^ is ton^e-^ circle bf > 
V^o ' V slud^ ap^scu^ (wind) baffles;! 
y v;i^^v4^ turbulence and tb-'prp^^^ to attam : 

an dverflbw rate between ihe stakes arid^^^t^^^^^^ than 800 gpd/ 

* ft^ (32 m3/m2 *d) at peak flow. Care Inu^^^^^^^ 

tions from developing in this quiescent area by designing for -J^ minimum deten- 
♦ tioh time necessary and providing for periodic sludge rembyial: . 

7. Determine the tyfre of polishing process needed, if any, to insure satisfactory SS • 
refripyal from the pond effluent. ' 'y 

More detailed 'descriptions of both aerorbjE knd facultat aerated j^ond designs are pre 
sented in reference (23). « ^ 



^ Performance data and design criteiia for- single- and two-Ci?U aerated.:4^monsfe^^^ 
'^^^^•^y^^^"^^. '^^""^P^^^^ Canada, ate; summ"^ in Tables 10-8 !and 10-9; res'pe.rt^^^ 
^>;/Flow diagrams of the demonstra%n pon^ systems are shown in Figure f^^^^ indicated 
' m Table 10-8, effluent BOD5 and SS concentrations from the demonstrati(Jn pond systems 
are relatively uniform and, on an average basis, slightly higher than-f he alio wable effluent 
concentrations stipulated in the U.S. EPA Secondary Treatment. StandWds.^^^ quality 
could undoubtedly be improved by the provision of separate SS removal laciUties, either 
within or Qutside the cell basins. , \ : ^ 



■, *«.' r. '- 



V 



TABLE 10-8 



EFFLUENT CONCENTRATIONS FOR CHARLESWOOD DEMONStkATION PONDS, 
I ' WINNIPEG, CANA0A:.21-MONTH AVERAGE (14) ' . 



Pond System 



Air-aqua (two cell) 
Surface Aerator (one cell) 
/Air-gun (one cell) 



Effluent BOD Effluent SS 



mg/1 

37, 
38 
34 . 



/,:mg/l.-;'; 



34: 

39 ^ : V 

34 



ERIC 



'(SeeFigur?\10-lp).; 
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DESIoj^ CRITERIA; GHARLESWOOD I^EMONSTRATION PONDS 
Piararaeter / V 



AvxCjrage £)esign Flpvy (each pond), mgd 

• Influent $Hday BOD; '2(r C, mg/1 : . - : ' • ' . 

Influent Suspended Solids, 20^ C, mg/1 . . 

Oxygen Utilizatioi> Factor, a V ; ^ 
^' (lb oxygen reqiiired per Ih 5Tday BOD removed) 

. Operating pp,;ing/l : v " ■ " 

Effluent . ^' V;.. H 



^;,\Sununer • : ' 

Influent T^niperatiire, C 

//^Winter . '-^b^ 
Summer V^v' 

Mean Ambient TempefaturCj ^'C 

.:.:vWint6r ''v.-;^ly ::.^ . 



Value 

o;6 
25d.: 

' 180 

^ lio 

■ «. c, 

2.00 



0 
24 

9 
18 

-27 
24 

..90 

. 30 
• 20 

20. 

,10 

11 

'17. 



;Tr?!ati?idilt Efficiency Re^^^^ 

fe^ejStion Time^rdayis; . ^' : '"^^^ 

Tube Diffusers • ;: . 

Surface Aerator ./ 

Air-gun ^ > , ^ V ; 

"^tDperating Depth, ft 

Tube Diffusers ^ . ; • ■ . v 

Surface Aerator . .. ' ' r. 

- Air-giin ■ ■ . . "r.'. /■ .r..- ■ ■ , 

Ponrf Volume, gat;' - . 

Tube Piffaisi?rs,,Tapef?^^^^^ ; - 

^ Surface.'^e)(^^^^ ; 

Air-gun$/Tapered5pacings . ^ V . 

f l^bc(5ss[idadbg^^ ■ .•'^•:v^;'.:::\: 

it^be Pffl^^ 15,9 Ib/aci^day • '."^^ ^> 0^5 Ib BOPs/UOOd 

■ 'Sii^^ ' ^ ' : ;24;71b/^^ " - -OrT^STlbBODs/ 1,000- ft^ /day 

Ai^gun . . ; . : 37.21b/acr^/dayV:": • OJig lb 86^5/1,000 ft^'/day 



■ ■ 1.5 X 106 

;* " lo x io6 

^ , . .. 10 X 1Q6 

V-'a.;o'i3;iit)/i,ooogk* 
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CHARLESWOOD DEMON'STRAtIoN PONDS 
WINNIPEG, CANADA ■ 



' 10-50 



343 



A three-cell, step aerated pond system in Blacksburg, Virginia, ;$.irieeting effluent BOPs 
standards u$ing a diffused air system (34). Design criteria for thiV system are given in Table . 
10-10. The system layout is illjp.trated in Bgifre lO-ll; BODs reinoval^for 27Veeks js 
shown graphically in Figure 10-1'2- The performance of the cells in this system, particularly 
with respect to SS removal, dould be improved", if necq^s^y, by inclu|jion of'separate SS re- 
moval facilities within and/or outside the cells!^ * ,i « • • 

• ■ • " m 

V ^ ' / /table 10-10* • . ^ . • ' 



" DESIGN CRITERIA FOR BWtCKSBURC^iRGINIA, - 

DIFFUSED AIR AERATED POND SYSTEM , ^ 

Design Flow, gpd ' ^ 40,000 

Earthen Dikes side slopes ' ' ^ 3:1 

Depth, ft ' ' ' ■ ; 8 

Total Bottom Area', ft2 * ' ^ ■ 16,000 

Total Surface Area, ft2 . ■ 31^44. ' 

Volume of Three Ponds, gal^> ■ 704,640- 

Detention Time, days 38 

Altitude, ft 'i!; ' 2,000- 

Air Temperatures, % , -20 to 37 

Operation Time per Week, h'r / 5 

Electrical (Costs per Month, $ v ' V 30 



1 0.6 Aerobic Pond Design 



Aerobic ponds depend on 1) algal photosynthesis, 2) at least 3 hours 3aily of mixing, 
3) good inlet-outlet design, and 4) a minimum annual air temperature above about 5° C 
^!|4r F), to. supply the major portion of the required DO (21). Without any one of these 
four requisite conditions, an aerobfc pond may develop a'naerobic conditions or be ineffec- 
tive. Because light penetration decreases rapidly with increasing depth, aerobic pond depths 
are restricted to 1.5 to 2j0 ftXO.4'5 to 0.6 m) to maintain active algae growth from top to 
Jjottom. The allowable loading is dependent on available light*energy: » 



where 



■ Lu = ..UOD that can be satisfied,* Ib/acre/day (maxihium loading is about 
• 2001bofUOD/acre/day) , . r 

S' = light energy, cal/cm2/day (can be approximated from Table 10-5). 



1 
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FIGURE 10-11 

SYSTEM LAYOUT FOR BLACKSBURO, VIRGINIA, 
DIFFUSED AIR AERATED POND SYSTEM • ' 
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FIGURE 10-12 

BOD REMOVAL FOR BLACKSBURG, VIRGINIA, 
. DIFFUSED AiR AERATED POND SYSTEM 
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The first equation in section 10.5 can be used to determine the required detention time (t). 
The deith can bp found from data developed (ll) for the energy balance when the highest 
petcen^age BOP5 removal occurs in the form of algal cell production: 

d = 3FS't/0p . : - .; . . " , . 



where 



X 



id = depth, ft (should be less than 1.5 ft) f * ■ 

"F = light conversion efficiency, percent (0.8 to 2.8) (see Figure 10-13) 

•• S' = light energy, cal/cm2 /day (See Table i 0-5.) " • ' 

, t = detention time, days . ^ , 

• ■ 

Op = oxygen production, Ib/acre/day 



The required detention tinie typically falls between 5 and 10 days. Aerobic ponds should be ^ 
designed to provide a recirculation rate at least equal to the influent flow rate (q), 'to pro- 
vide influent dilution, microbial seeding, and additional DO. Odor is not a problem with 
aejf-obic ponds, if they are operated and maintained correctly; HydrauHc loadings on aerobic 
ponds can be 2. to 10 in./day (50 to 25a mm/day). 

Intermittent mixing and/or recirculation can' be accomplished using airlift pumps, i^peller^ 
pumps, brush aerators, or rotor aerators, among other methods (20) (32). Mixing is best * 
done between 12 a.ril. and 5 a.m. and when the pH is above 9.5 to replenish CO. On the^ 
other hand, it is believed that higher pH effectively reduces coliform densities. Mixing 
^should create a bottom velocity throughout the pond of at least O.S ft/sec (0.15 m/s).lf the 
addition of aeration equipment is necessary, it may be more efficient to design the aerated* 
aerobic pond as an oxidation ditch (see Chapter 7). * ' 

The maximum size of cells in an aerobic pond system should be no more than about 10 
acres. The cells should be arranged in end-around' channels up to 50 ft wide to better achieve 
plug flow. Otherwise, extensive mixing equipment may be necessary. The cells and outlets 
should be designed to J) prevent withdrawal of SS, 2) function with variable depths in the 
ponds, and 3) decant the overflow only when the ponds are quiescent. Even so, some addi- 
tional processing usually will be necessary to remove algal and other microbial cells frorfi the* 
effluent before it will consistently meet effluent requirements. 

Aerobic ponds usually need lining to prevent infiltration and scour. Cfhemicals in solution 
ad versely^^^ffecting biological reagtions fn aerobic oxidation are chromium (Cr^***) and . \ 
ammonium (NH4); chemicals which adversely affect photosynthetic oxygenation are cal- 
cium (Ca+),'chlorine (CI2), and chromium (Cr?"^). 
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RELATIONSHIP BETWEEN OXYGENATION FACTOR 
, AND BOD REMOVAL IN WASTE PONDS (27) 
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10.7 Polishing l^pnd Design -4 

Maturation ponds are employed to remove additional BOD5* and bacteria from treated 
wastewater, primarily by sedimentation.. To prevent algal growth, there'shouid be at least 
thjee units in series, with a detttTtion time in each of 48 hr or less (7) and depths variable 
from /3 to 8 ft. (See Fijgure 10-2.) For best removal of pathogens, ^letention times in each 'of . 
the three or more po^d^injseries should be greater than 5 days (45): Inlets and outlets must 
be designed to prevent short circuiting; the outlets must be designed with very low exit ve- 
locities and baffles tp:mmirniz^^^ cells in the effluent (32). If the receiving stream 
flow i^mall and its y/at^r'q^^^^^^ important, the ponds should be designed to equalize ef- 
fluent flows and Ioad|rtgs b^^^ Experience (35) has shX)wn that polishing gonds 
provide a buffering actidh, preventing adverse fluctuations in secondary plant effluent qual- 
ity from reaching the receiving water. Fish may flourish in polishing ponds where the nur 
trient balance is satisfactory , assisting in the removal of SS an(i nutrients (35). It has been 
found' that after 12 years of operation, polishing ponds can.produce an increase in DO and a 
reduction in BOD; fecal organisms may virtually disappear. Although polishing ponds in- 
crease the DO of the effluent, they also generate algae, and may, thus, increase SS in the ef- 
fluent if nol designed and operated correctly^ Polishing pond treatment, if discharge is into 
an intermittent* stream, has been found to reduce fungal and filamentous bacterial growths 
in the stream (4). > 

r 10.8 Microbial Cell and SS Removal from Pond Effluent 

A majbr problem in all ponds is occasional discharge of microbial cells, which can exert an 
oxygenjdemand on the receiving water.' In recent years, there has been a concenti;atea ^effort 
to develop simple means of removing cellular material from pond effluent. Discissions of 
possible methods can be found in references (15), (16), (17),. (24), (26), (28), t36), (37), 

^|38)^39), (40), and (41): Reference (40) has a bibliography containing an acIditrbWl 136 
relerences. Chapters 1 1 and 12 present design criteria for such polishing units. Th6 types of 
algae found in wastewater treatment ponds can be divided into four classes: F) green algae, 
2) blue-green algae, 3) diatoms, arid 4) pigmented flagellates, ipreen algae, V^doniinant' in 
efficient lagoons, are nonmotile and less than 10 /z in size; have a negative charge, preventing 
natural flocculation or filtration; have a density near that of water; and are kept in suspen- 
sion by a mild fluid motion. Blue-green algae- are iisuall)^ filamentous, may form floating 

'mats with string coating; may develop pig-pen odor; may hinder light penetration; and may 
diminish surface aeration and -mixing. ^Diatoms are nonmotile; have a silica shell structure; 
and are large-enough to-^log^ sand -filter^r^The-pigmented flhagellates, generally motile, are 
smaller than 15 to 30 ]i and have a flexible cell wall, which allows them to deform and pass 
through small restrictions (18). ' ^ 
(,.,.. ^ • ■ , . 

Q Stabilization ponds are usually selected for Wastewater treatment because of their simplicity 
of operation. Thus, any additional treatment required for removal of algae should be simple 
to operate and should reUably remove suspended matter. Of the proven methods, filtration- 
cufrently appears to be the simplest (27) (40). In some' cases, it m§y be necessary to add 
chemicals and/or clarifiers (or flotation units) before filtration to decrease the load on filters 
and to remove single-cell green algae or phosphorus. 



Total nitroge^n levels in.facaUative pond effluents may be quite low. Much of the nitrogen ih 
the pond influent may be incorporated into the algal cell. Also, nitrification appiears to take 
place in the ponds followed by some denitrification in the anaerobic, bottom zone. With 
proper design and' operation of the pond treatment system, the insertion of an algal removal 
step can produce an effluent low in both oxygen-demahding materials and nutrients. 

Intermittent sand filters have been utilized for treatment of settled wastewater since about^ 
1828 (40). At present, additional work is undervvay to refine design criteria for the inter- 
mittent sand filtration pf wastewater stabilization poi>d effluent. Some viable algal ciells tend 

:to pass ^oiigh the entire depth of the filters (42).^The effective size of the sand should be 

:aboufeO:KanmYor bes^ ^ 
'•■ I-?, ■<*'-, < ' ■ . , , ' ■ ■ ' 

Conclusions nsaghed on the use of intermittent sand filters by Utali State University are as 
^,l9lfows.(40^^;-'.; . -t-f^' . 

* 1V 'L6.6g^ to the influent SS concentration and the hydraulic 

loading: rotfe.:' 

2, InteOTittent sand filters can be used to treat wastewater and reduce SS to Jess 
than 10 mg/1, VSS to less than 5 mg/1, and-BOD^ to less than 10 mg/1. ; -'^t:- .. v 

3. Winter operation of the fillers did not create any serious problems. . • 

Studies in 1973 and 1974 at Eudora, Kansas, where submerged rock fflfers have been polish- 
iiijg the effluent from the Eudora multicell wastewater treatment pond system, indicate the 
following (17) (43): * . , 

1 . The rock sizes selected should be between 25. mm and 125 nim and the rangejn,^ 
size should be no more than 50 mm. 

2. A biological film must be developed on the rock hfefore the filters^are effective. 

3. Because the biological film vvill function in an anaerobic environment in the sum- 
. ' ii^r and early fall, some postaeration facility,!(possibly cascade) is required. 

4. If sulfate is present in the carrier water and the alkalinity ig insufficient ]to-k^ep 
tlje pH above aboiit 9, hydrogen sulfide will be formed, if anaerobic conditions 

\ exijst in the filter At a pH of 7, about 52 percent of the^sulfides present will be in 
the form of hydrogen sulfide (H2S); sulfide concentrations is low as l.Omg/l may. 
cause an odor problem. If the total- alkalinity in the lagoon effluent is greater than 
' "260 mg/1 as calcium carbonate (CaG03), the pH will remain sufficiently high to 
1 ^rfiventan^odgr prgbl^^ ..>..>.>..>.^.....„..... J!. J> ^......v....^^.:..... 

5. It has been estimated -that the effective life of ^ submerged rock filter can be. as 
much as ^0 to. 30 years. - . 

. 6. For peri-ods of peak efficiency^ in the summer and fall, the maximum hydraulic 
loading rates can be 9 gpd/ft^ (L2 m^/m^/d). This should be reduced to 3 
_ * gpd/ft^ (0.4 m^/m^/d) in the winter and spring. 

A submerged rock filter has been designed for use in the tertiary cell of a three-cell series 
pond system at California, Missouri (1 7)» The design hydraulic loading (horizontal flow) on. 
this filter is 3 gpd/ft^ (0.4 m^/m^ ^d). This rock filter is shown*on Figure' 1 0-14.. 

•. : 10-56 . 
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Sedimentation ponds have been recoipmended by some State regtriatory agencies foff en- 
couraging algal sedimentation within the pond cells. Sedimentation ponds, however, are' , 
limited in efficiency by such factors as wind mixing' and algae^ growth. The smaller- and- 
deeper the pond, the less influe.nce wind has on mixing.. Sedimentation pond efficiency also 
depends on species type. Motile algae and crustaceans' are not efficiently removed in^uch. v 
ponds. The last pond, or that part of any pond that is to «e^e as a sedimentation pond;'^ 
should be deep (8 to 12 ft [2.4 to 3,7 m]) and designed l6i;'iiip3ge rembval at least every 
other y-ear because algae develop where nutrients are releasee}^ fi?bm anaerobic fermentation 
pf«a sludge layer. . ' <> 

10-9, Pathogen Removal • * ^; r 

Wastewater treatment ponds remove the BOD5, SS, and pathogens. Environmental; factors 
that may be present in wastewater treatment ponds j[32) and that may contribute to a de-; 
crease in pathogen concentration afeMisted as follows": : / '''r • 

1. Aggregation and attachment to settleable solids ^ 

' '^v '2;^ pispersiop and dilutioa f 

5*/ •Sunlight, inc^^^^ - 
' 6/ Unavailability of essential nutrients. . ^ » . ' .:. 

7. Anaerobic pretreatment ' ' ^' 

8. ^ Highej temperatures *•* / > ' : \ -^J'y 'y 

9. HighpH - ■\}-''^ r , 

To produce an effluent meeting secondary requirements ah the removal 'O'f coliforms, 
reducfion? on the order of;90.''99 to 99.999^ percent :are>'necessary. Although such reduc- 

■ tions'are not usually possible in^ingle ponds, they are.attainable.in series p9nd systems, 
particularly if each pond is baffled to more: nearly achieve plug flow characteristics (3), and 

•each cell outlet is baffled' to prevent wind mixing. and provide a sufficiently* sized quiescent 
area for maximlim sepairation. The efficiency of fecal bacterial rernoyal is reduced by recir- 
culation from the last pond to the first pond G(f\ series. If plug flow coriditionl'fe^ist in. 
aerobic j>onds, the efficiency of fecal bacterial removal between 5° C and 20° Ci3^° F and 
43° .F) is given by the following equation (4): 

where 

Ng = Initial fecal bacterial concentration, MPN 

• Nj = Effluent fecal bacterial concentration, MPN 

" e = 2.72 •, ' ■ ■ 
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:^ kT = 2.6-.i.l^(T-20) , 

' v^.:-,■ : : .... ^ ' ^ 

•When thelfower depths become; anaerobic in the summer or the temperature is near 0° C 
(32° F), the efficiency of remiivM is reduced. ' 



To meet effluent requir;^nients, it is frequentl)[4fefeessary to disinfect pond effluent by treat- 
ment witli chlorine. 'Excessive chlorine results in degradation of any algal ce}ls present, thus 
in6reasing the BOD. Chlorijne doses in excess of 2.0 mg/1 significantly increase th^ BOD (18) 
(43). Therefore, it- is usuaUjT'l^tter to Increase the actual (not 'the theoretical) .detention 
time and hold the. chlorine conceiitratioji^; to below 2:Q 'mg/1, if m,icrdbial cells have not 
been removed priorib chlorination. For further information on disinfection, see Chapter 15^. 

i^,;. 10.10 '/^ • . 

Only'generd effj^ are available, based, on^perfo^ of stabilization ppndS de- 

signpd^Jo,meet S^^^ data for^pbnd^ lar?Sparse and do not diffejentiate^ 

amb^' tjopventiohal,. single-, of dual-celle^, pond designed pohdsV 'thes&' 

lattet ^y sterns may have multiple units in -seriesi with each unit designed to minimize shbrt.; 
circuitihg,'>6^^^^ design^ed to'^wlft pOn4 ejFfftient relatively free bf microbial cells, and 
sufficient ^.operational/stq^^CJ^^.^^^^ reasonably cell^free effluent is avail- 

able. Because the inefficfepj^^b^ are includddriaverageoreported effluent quality is 

generaUy Woi^e than it Shoiii^ * ^ . 

ReFatiw cp^^^ for different types of treatment facilities in the United States are 

sho>yi| 'i^^ operation and maintenance costs are listed 

in Tablp ::i^^^^ Pther experience indicates that the operation and maintenance costs of fac- 
ultative pond? about one-half that of aerated facultative ponds<^d about one-fjfth that 
of extended aeration systems. : 



/ 



TABLE 10-11 

OPERATION AND MAINTENANCE RELATIONS IN THE FORM Y= aX^ (33) 
Type of Treatment Facility . Value for Value forb ■ 



Waste Stabilization Ponds h7.38 -0.'4172 
r Piimary^SedimeAtatiolf P%f ^^ 

Activated Sludge Plant , ' 30.10 " v -0.2460 

Trickling Filter Plant./ . _ 54.99 -0-3569 



Note: Y = Operating and Maintenance cost, $/cap/yr (1-968), X = Design' 
Population, persons; k and b = constants; 
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• ■ \CHAPTER.n; ' . /:■;\^'• ■ v . 

V \, FILTRATION Akl^ \ 
U.l Introduction . . /: ^/ V j^. ' \ >| 

Giariular hiedia filtration and microscreening are used^^as effluent poiishing techniques in 
treatmeiit plants to increase BOD and SS removal. Direct granular me^i^ filtration' d'f^a gobd: 
quality secondary; effluent (BDD5 and SS less than iZS mg/1) will producie an effluent having 
BODs and SS incthe rang^'of 5 to 10 mg/1; With chemical treatmentipfe., phosphorus re- 
^ jnoval); fdllpwediiy sedimentation and granular media filtration,, a ^ecoridary effluent having . 
a BOD Qf about 5 mg/1 or less and SS of 1 to 2 mg/1 can be obtained.. Suspended «olids in 
effluent? can al^p^ of mechanical str^ine^s, such as the rotating druni ^ 

. > micrpsgreen. Re^^^ made to EPA Process Design.Manual(s)5w^^enrf^^^ 
^ Upgrading \\!aste^^ . . ^' ' • ' 

••• J' • . . , ■ ■ ■ : . "■ '> ' I- ' • * •■- • 

. i 1.2 V Types of Granular-Media Filters and Their Operation . \ 

V Different filter configurations most commonly in use now are sh'bwn on Figure 1 1.1; ; 

' 11.2.1 Dowfiflow Type ' • ^t; - 

. ;.' .^^ • • ' :/ ' . . ■ ■ ■/ " " " , . y ; ■ ' - :'. ■ 

The jtiost common type of granuLar media filter is the downflow filt^/ with; either 9ingle-^ 
• . dual-, or multimedia, represented as (a), (c), and (d) in Figure ,1 14*: Older designs oft^ 
. filtei-s use a single' medium usually sand. During.backwashing of the filters;-W fneditim be- 
:Comes: graded; jf^e gm^ axe oh: fpp arid cbars^^^ bottom. Filtratibn, tiierefbre^ i^; 

from fine to cQorse. ' . . 



: ■ : ■.. ■ - ..V- : ... 



' With two diffei-^^^^^^^ the jfiftration can range from coarse , 

. to fine. This ;me^|Q4 of wastevv^^^^ is the preferredv one, and is fre'quently called > 

"in-depth" filtrati^rBeciause i^f^e large amount of gS and the presence of organic flocs^^: 
single-medium fiUerljt^hd to ciogTapidly as a resuh 6f|he accuriiulation of splic^ in the tpp'^ 
. layer of the filter, ^ ' ' ^> ^ J.:.^*?.^ 

These•filters can be designed to operate with a gravity ■'head, in vvMcl^case the taiik pr ^^^^ 
containing ; the filter: jnedia:;^s usuaU^ :(asrsho>^t| Figui^'I^ 
filters are frequently;, used for 

may be more;econbmical. Pressure tanicS^re usaa^fy^yert^c^l fp^^ 
and. horiz<Jjif£d for larger capacities. Because pressurtif ilter? icaa dp'^riifp^at Wgl^^ 
(frequeiitix up to 20 ft) than g^^^^^ filters, the^lfeni^^^^^^ 
can be suhstantially in^eased. In addition^ if anoth^- process* (6.g.,/^ 
carbon cojupins) follows filtration, .the . back wasl*'' watfe^ ^hbta ipx^m^ fil^^lfs;^^ * 
charged to a point above the^filter .elevation without repiwnping. . ^ ^ 
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FILTER CONFIGURATIONS 



. 11.2.2 Upflow Filters \. 

Upflow- filters were first used in Europe to obtain in-depth filtration. The filtration is from 
coarse to fine media, usin^ a single density material. (A typical design is shown in Figure 
11-4.) The filter has been used primarily, for removing above-average concentrations of SS, 
usually in the' range of 20 to 100 mg/1. Studies have shown that a filter of this (Jesign, having , 
a depth of 6 ft (1.8 m) and a medium effective' size of 1.8 to 0.95 mm, could producean 
effluent having a turbidity of 2 to' 40 mg/1 (given an influent having a turbidity of 10 to 280 
mg/1) (3). If a polyelecfrolyte is added to the raw. wafer, the^'turbjdity is' reduced tq' 1 mg/1 
or less. The filtration rate is 6 gpm/ft^. ; ' ^ 

To prevent fluidization of the sand bed, a grid is installed at the top of the bed. For baclc- 
washing, the resistance of the grid to fluidization is destroyed by an initial agitation of the 
bed with air. ^ 

The upflow filter has been used in several installations in England for tertiary treatment of 
effluent from biological treatment plants (4). Additional studies on upflow filtration have 
been reported by McKinney and Hamann (5). " s 

11.2.3 Media Type and Configurations * . ' 

Until recently, tUp granular media filter, as used, for potable water filtration, had a single 
niedium Cusually sand) with an^fective size (ES) of about 0.50 to 0.74 miri and a uni- 
formity coefficient (UC) of 1 .5 to 1 .8: The ES of a filter medium is defined as the size (mea- 
.sured in millimeters) -for which 10 percent by weight of the material is finer and 90 percent 
is larger. The UC is the ratio of the size for which 60 percent by weight is smaller to the ES. 
As the UC approaches 1.0^ particle sizes become mor6 uniform. If a single-medium filter is 
backwashed and the bed fluidized, the finest particles collect at the top of the bed. In such 
.filters, the sohds removed from the water are usually retained in the top few yiches of the 
bed. In recent years in^the .United States, and for many years in Europe, the filter media 
utilized promote solids accumulation throughout a large portion of the filter depth, thus 

permitting the removal of more solids from the water and the use of higher filtration rates. 

« 

Coarse madia (1 to 2 ixim ES) and deeper beds are frequently used. To prevent rapid clog- 
ging of the top. layer of the bed, the filter bed is arranged so that coarse media are above (or 
first in the directiqn of filtration) and finer media below (or last in the direcUon of filtra- 
:tion). This, is made possible by use of dual-, tri-, or multimedia filters, with the top layer 
•being^ thd lowest density materialXe.g., anthracite coal on top of sand). The upflow filter has 
filtration from coarse to fine with a single medium (normally silica sand). , 

By proper selection of the media sizes and tjieir UC, it is possible to'obtain any desired 
amount of intermixing of the different media in dual- and multimedia filters. There is some 
, evidence (ihconclusive) that intermixing is beneficial (6) (7). 



The normal filter media depths are^^4 to 36 in. (0.6 to 0.9 m). However, for filtering waste- 
waters having SS in the range of 25 to 100 mg/1, deeper beds are used with coarser media, to 
^provide the necessary, volume for solids accumulation* and thus insure filter runs of reason- 
• able length (e.g., 8. to 24 hr) (8). ^ ; 

For wastewater filtration, and with downflow filters, the dual- or multimedia filter should 
"i)e^ed, because of the inherent advantages for removal of a larger amount bf suspended 
solids?^ ' 



1 1.2.? Backwashing 



Granular media filters have been traditionally cleaned by an upward flow of water, whtc 
fluidizes the filter bed. In European potable water treatment plants, it has been standard 
practice to tise a comBination air and. water wash; such designs have been adopted in many 
newer water supply treatment installations in the United States, 

Wastewater filters usually receive higher solids loads, which adhere more tenaciously to the 
filter media. It is, therefore, generially accepted that some sortaof auxiliary scouring methods 
or devices are essential to obtain adequate cleaning of wastewater filters. 

The other auxiliary cleaning method is surface wash, using either fixed or rotating high'^pres- 
sure water nozzles.^The nozzles are located about 1 to 2 in. above the top of the bed. Nor- 
mally, while the surface wash is on the upflow, one backwash rate is' set lower after the sur- 
face wash is terminated. With the deeper penetration of solids into the dual- and multi- 
media filters, surface wash has been found inadequate to thoroughly clean the lower por- 
tions of the bed. 

Air wash, therefore, is now being adopted for most wastewater filters. Studies (9) have 
shown that the most powerful filter cleaning method is a concurrent wash with air, and 
water^above fluidization velocity, followed by a normal air scour and , subsequent water 

n. 2.5 Flow Control 

Pdtable watet filters usually have elaborate flow-control systems, to maintain a constant 
flow through a filter as it becomes clogged. It was believed that good solids removal necessi- 
tated constant r^e operation, of. a filter; however, it has been shown that gradual changes in 
filtration rate are not detrimental to filter effluent quality. In fact, sudden changes in flow 
raie, such as can occur with automatic flow controllers on fi|ter effluent lines, cause solids 
breakthrough apd poorer effluent q^uality (10). The use of filter effluent flow controllers, 
which are responsive to the flow differential produced by a venturi or orifice and are 
manually or automatically set for a certain constant flow, is not normally required or prac- 
tical for wastewater filters. Such control systems require considerable maintenance and serve 
no useful purpose regarding effluent quality. • 



. Jf two or moreifiJters are installed (as they usually, are), the total flow may be equally split 
^between the pf^fo^ng filters,^^^ W^^^ flow controllers, the water" level above the filter 
media in.each fUter will depend on the'cleanliness of jfhe! filter; this level is highest in the 
.filter having the largest head loss, to prevent the water ieyel from dropping below the top of 
•the filter bed, the .filters disicharge into •a stpfagr basin -'through an effluent box, where the. 
water level is maintafhed constant by an ove*r;flQw weii . .. ' ^ . 

Anotheii arrangement that can be usec^if the flow is equally splltjamong several filters is that-; 
shown on Figure 11-2, In this case,' the water level abpv^d^^he fiUe^^^is mairitaihe.d essentia 
constant by a valve in the filter effluent line actuated by the water IeveVabove't}ie^ 
valve opening for any filter in operation will* depend^t^n the degree otfillef, cloggiijg./ 

^Another filter flow arrangement particularly aj^plicable to* wastewater j(1frtrdtion if wicle 
variations in daily' flow are encountered: (e.g., . irt smaller plants) is "variable decJinihg rate 
filtfa'tion," described in reference (lO). ]rt. this arr^i^gemint, no control valves are used -to^^^ 
the. filtration rate through any Yilter^depends o'h how dirty it is; that is, on loss of head. - ■ 

The various filters are connected to a. large influent .fftime or conduit having negligible head 
loss.. There is, of course, an influent vaive lp, each filte4^so it^an be.takenbut of service for 
washing. The filters discharge '.in to^a ccm^^ over a weir, Ibcated td.prevent 

the Water ley el from dropping below tl; 
cient height is provided in the filter boxi 
before a filter;must be taken out oL 



on the' condition rof any individual ' 
The water jeyel fs the same in all. filtS 
the flow is redistfibuted among the. 
Despite rate of inflow changes, there 




hen ^ filters are in operatioriv. Siiffl- 
media to obtain a reasonable filjter 
hing. Distribution of the inflow depe%ls 
, the cleanest, filter h'a^ the highestJfeteij'- 
. When a |Jlter ;i^ taken out of 
^ith a gradual increase in their 
hanges in filtration rates 



The ^bove flo^vM-cpntrol scjiemes are apj^Gpi^to^ gravity filters. Usually, for 
:the 'filter influent is ,ceritrifugally pumpSphd .thjp flow to individual filters 
flqw control devices^ A. f\9^ and head lo's^Sifiidicat'er on each filter shows t! 
condition of each 'filter. Ma^kcturers of^pressure 'filters can supply all tlie 
n^basan&.equipment for automating sucjj^nstallations to a high degree,^^desiF^ 

" ■ ...... . ■■ 

1 1.3 Design oT Granular Aiedia Hker Installations 





M.3.1 ^):Rfetreatment ^ • : \1/ 

'\V .^^ •■■ - , . . ^- ' ■• ' 

]Wr|ct filtration of secondary plant effluent can produce a final effluelt'havihjg SS of 5 . to. 
^; |K'^/1. reduce SS .by about 7^ercent, with influent SS. 

bejow 3?jwfg/l (11). Colaguldtion with an aluminum or iron salt^d/or a polymer,^followed 
bV^Ulin|f can reduce the load gn filters and^prbiduce effluent^ith SS'below 5 mg/L Pre- 
^a^ent -ahead of filters is, the principal influence on filter per^jj^tarice, because it Effects 
e chat&ctfcristics of th,e splids applied to a filter. 



To avoid the cost of a clarific^i 
en^ployed directly ahead of 
secondary effluent, floccula 
can also be done with org 
filters without any settling, 
filters) ;. also, the filter shoul; 
removed. 




?asiin, 'doagul^tioniwith alum or an iron salt is sometimes- 
n^^ithout any ^settling. The chemical is mixed with the 
ra ^lOr to IS^minute basin, and filtered. Such coagulation 
Qagiiil^ts (polymers). If coagulation is practiced ahead of 
ers should have/cd'arser media at the top (for downflow 
deeper to accornmodate the increased amount of solids 



Chlorin at ion ahead ofwastewa^filte^^ to control the growth of slimes on 



the filter, walls, in the meHiid^Janilin''tfte und 
that continuous chlbrjn 
term basis are effective 
needed) are adequate. 



I:^:;3,2 Filtrat 



Filtration rate^ fdf^the varioO^ 
J /m^-min);, depending on thie 'SiS. 




system. In some cases, it has been found 
at. high dosages on an intermittent, short- 
g/1 of chlorine for a short period (2 to 3 hr as 



liters wilfrange from 2 to 8 gpm/ft^ (81 .4.to 325.6 



^stewatei", the 'size of media, and' the desired quality 
' of filtered effluent. Ths lengtif^j^he filter run before washing will, depend on the above 
'fagtors and t^e tenTainaK^t^^jJpss* For gravity Tiltersj^ it is customary to^design for an avail- 
able-head loss of afeouft'M'Ja^^ig to 3 ni). With pressure filter^, higher head losses are 




generally used. ^ 



Filtration rate ancp^&^n control the length q|; run. Usually, the filter run is terminated 
v^hen/ the head lo^^ffiaches some predetermined , value. However, it has become usual prac- 
tice in recent yearS,'l|specfally when for in-depth .filtration, to control the length or a run by 
monitoring the effluent SS with a calibrated, ^urt)idimeter. With coarse media, deep filters, 
the<f;head! loss itiay not be a good criterion for' filter washing. Solids breakthrouglTls, of 
cdtirse, a dird^itffl of when t6 terminate a filter run. 



'It g not possible to predict the proper fijifer rate, effluent quality, length of run, and head 
loss'ci^lopment ii^jtM given filter media^ depth, and wastewater SS. Pilot plant studies are 

. net5essary to estabK^&)roper design ^lata' Some typical pilot plant data are shown in Figure 
11-5. Sudijdata can^e obtained; for a pilot filter over the range of parameters shown, if the 
filter is producing an effluent having SS below the desired limit. . 

Tor small treatment ^plants, pilot planj studies may riot be practical or justifiable, particu- 
larly if the wastewater is from sdlely'domestic sources. In that case, designs will be based on 
previous experience; they must,-howeverv be conservative. 



The inflow rate for whiph filters, shpuld be designed is the maximum 24-hr flow, if 24-hr 
filter runs are planned. Hourly variations in flow will balance over the day. However, if 8*-hr 
filter runs are planned, the peak 8-hr flow should be used in sizing filters for the filter rate 
selected..; '.•.';.• ''>' ■■',.• ■ • . . Z;^; • . ^ ' ^ 
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j 1.3,3 Media Size and Configuration 

The gtanular media used in water and wastewater filtration are silica sand, anthracite coal, 
and gametsand. Their specific gravities are as follows: ' 

Silica Sand * 2.65 ^ 

; ^ . Anthracite Coal * 1.35-1.75 . 

^ Garnet Sand 4.0-4.2 \ 

When nje'dia are used with the above specifip gravities in filters, and when proper selection 
of particle sizes is made,, after backwashing with water, the coarse, lighter coal will be on 
top, the heavy, fine garnet at the bottom, and the silica sand between the two. ' 

f. •. ■ ■ ■ . , ' ' * ■ 

The use of coarse-J:o-fine media filtration is important forhandjing. thc-type-at^olids-present 
in wastewaters~particularlYjjiose-o|-0rganTcrT^ be removed in the top 

-layers'because of their particle strength and adhering characteristics. The coarse medium on 
top allows the solids to be captured in the entire depth of, for example, a coal layer on top^ 
of sand in a dual-media filter. The fine^sand layer serves as a polishing filter bed. Such in- 
depth filtration permits removal of a larger total anjount of solids before backwashing is re-- 
quired. . , , . . . ' 

Normal domestic vyastewater filtratfoh of secondary effluents or after coagulation and 
settling can be best aficomplished in coal-sand filters. The coal size should be between I and 
2 mm, with an ES -of 1.0 to 1.2 mm. To eliminate excessive intermixing of the coal and 
sand, the effective size of the- sand should be about: one-half the cbaUor 0.55 ^m. The UC 
should be less than 1.65. With media of these sizes, the entire bed veil be fluidized at the 
same backwashjate. ^ . - 

Although the depth of the filter must be established, the only reasonable method for deter« 
mining the optimum value is pilot plant operation^ In normal domestic wastewater filtration 
(as indicated previously), for dual-media filters th& coal laj^er should be 15 to 20 in. (380 to 
50(5 mm) and thesand layer 12 to 15 in. (305 to 380 mm^' • . 

Deep beds^ of a single coarse medium (usually sand) have been used for obtaining large solids 
storage, to facilitate handling high concentrations (50 to 100 mg/1) of SS with filtration 
only. ^ ; . V 

The medium size ranges from 2 to 3 mm; the bed depth from 4 to 6 ft. Frequerttly, the 
filtration. rate for^^such filters ranges from 10 to 30 gpm/ft^ (4&8 to* 1,220 1/m^-min). In a 
recent investigation of SS ^removal ^jcom an activated^ sludge treatment* plant effluent (12), 
it was found that SS of up/to 60 mg/1 were reduced t^ less than^lO mg/1 by such filters: 




' ^ ■^ 11,3.4 Backwash Systems ■ * ■. ~ ' ••, 

BaCk\Vashing wastewater filters is more, difficult tii|n backwashing the usual potable water 
filters, because the solids rerhoyed are .greaterin quafitity and they tend to adhere more to 
the filter media. .It is generally kgreed that auxiliary scouring. (ievices or other methods are 
netessary^to adequately clean ■wasfewater flUers, Suc^a^^^ by 
.surfac.e^wash flrrangeriients or by use of ah-,, wash -in conjSjite^bn wi.th'water' wash.. Air-vyash 
systeriis jn:- wastewater filters are strongly recommended because/vn addition to providing 
the. necessary, sfeoujing M^^^ the air provides^aeratioh and limits anaerobic conditions 
.(which can develop iri: g^stfewater filters). .. ' \ , 
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•The backw^ water rate should nuidize'the filter bed completely arid expand it by at' least, 
IQ percent.. Excessive bed expansion has not been fbund to be ben'eficic^ for proper'cleans- 
iog'of the filter .media. The xequired backwash rate, will depend on the size and ty^e of media 
and the w'ater?temperature.. For . water it. about 20° C, the ^ual-meiJia filter described in 
section 1 1.3.3 w|l. require a bapkwash jrate of about 22gpm/ft2 (895.4 l/m2-min) 

■.'>■ ' ■ ^ ■ •'■■„. ' :r : ■.^'■y 

.Filter underdrain systems are designed to provide, as uniform' a. distribution of wash ' water ■ 
over the filter area' as possible. . '. ' 

' • ■ . ' ' ; ■ . ■ ' . ^ • ' ' ■ ■ ' - ' ' ' . . ' ■ * . 

One system used extensively in potable wafer filtration consists of a central manifold pipe, 
or conduit, and lateral piping with orifices djrected downward. The manif6l*d and laterals are 
covered with 1) coarse, gravel, 2) layers of fine gravel on 'top,-.ahd 3) the filter media. 

Several proprietary, false bottom arrangements.are available (Wheeler and Leopold), which . 
replace the manifold and lateral piping. Gravel is placed on top of the. false bottora. .Diffi- 
culties have been encountered with underdrain systems employing graveirbecause higher : 
backwash rates have caused displacement of the gravel with resultant nohuniform wash 
water distribution. ° • ■ , 

In recent years, an underdrain system that has come into freqUent use has a false bottom af 
concrete or steel in which specially designed nozzles or strainers are installed'on about 6-in. 
(I5^.4-mm) centers. These, nozzles, or .strainers, are usually made of plastic, materials, whicji 
are resistant to high and low pH and to chlorine (Figure ,1 1-6). These strainers eliminate the 
need for'gravel, because the openings are smaller than the filter media. ' 

This system is easily adapted id air.water wash operation, because, by use of an extension •■ 
tube on the, strainers, which project m to the chambej below the false bottoiii,. it ca^ be useid ' 
for distributing only air or /air and water simultaneously. The only problem that such 
itrainers may present wastewater filtration i.s that :the backwash w^ter may have some 
suspended matter resulting, from biological growths in- the backwash, storage tank, whiclj 
;ouId cause partial clogging of the small openingssin the strainers. Also, biological growths 
nay occur. In the .strainers themselves.. Adequate chlorination ahea^l of the' filters. should 
-■ontrol such growths. , ' s " 




FIGURE 11-6 



\ ' AUTOMATIC GRANULARl^EblA FrLTER 
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. Air can also be introdi^- through a separate manifold^lati^ralsKjrihce 'system located just 
• above a gravel bed: It islM|^igood practice.to introduce the air below the gravel, because air 
can easily displace gravel. . / ' . ^ 

The amount "of air used in air w'asK systems is about 3scfm/ift2' (j 5.3 i/s/m2) of filter ^ea. 
^. vNormal backwashing with air and water consists of 1) draining :the filter to the to,|^ of the^ 
• media. 2)' turning ipn the air for 5 'tp 5 minutes, 3) turning on the' Water wash'approximately 
.. one-half the fluidizing rate fpr about 2 minutfes, and 4) shutting off the air and completing 

the Wash. ftt the maximum water wash rate. ' . •'• " . ■ 

.The..bacicvyash cycle is. started either- manually or autdmatically when the head loss acro^ 
- the filter reaches -some predetermined value or the: filter effluent tiirbidity-reaches a preset 
value, as determined by a continuously monitoring,turbidimeter. 

to have water available for backwashing, some storage must be provided. Se. volume^ 
depends on the number of filters that will be washed in sequence. As a minimum, there 
: should be sf volume sufficient to wash two filters Qonsecutively: The backwash water can be 
supplied by backwash pumps or by gravity from a storage tank. *■ ' 

Preengineerad modular design filters that ipcorpora^p.stored backwash water (Figure 1 1-6) 
are available, These filters are sgi/d^signed and automSted that, after a preset hpad loss.has 
developed,, the filter goesjnto its, backwash cyclfe'u^^^ 

incorporated in these units. After the wash cycle-, tlte filter reverts to the filter cycle and the 
initial fidw fills the storage, compartment. ThesVynitrreq^^^^^^^^ 

however, there is no simple Way to VrolongtV.backwasMng, if me npj^^^ bacicwash perfod ' 
: does not adequately clean the filter. «> • v . - r .-y 



• "^Another automatic backwash filtfer desi|n- used extensively irf wat^r treatment plants is the 
- traveling backwash assembly ..(Figbre 1 1-?), the filter beii' in' these. /liters: normally ha^ a" 
* . depth'of about 10 to 12 in: (0:25 ^ 0.30 m) ^d .i^diyided^into raany*^ectioiiS;:about 8 in. 
(0.2 m) wide. Tjie backwash assembly moves froW sectip^- to section, cteanirig aach' in 
sequence. The backwash punip mounted oh the assembly^takes filfered ; watef frofn^ 'the. 
/ e^uent flume.. The system is highly automated; backwashing ,1s staffed ^h^ntfi^^^^^ 
^ead is about 1 to 2 in. (25 to 50.mm); Basicall^only Vsi4n amount of solids is ^ to 
. accumulate, in the:,filter before the media are. cleaned- This filtering system does n8t"require 
.-' any separate backWash water, storage, pump, piping, ot controls. Thg t^tal pow*er^equi?e- 
meqt for a filter bed area of 1^760 ft2 (li64 m2) is that^o^.S-hp (3:7'jcwf;^ ' 
systejTi Has recently :been adapted to an activated, carbon bed-filter h^ 
4 .ft . (1.2 m);(iv3). Such a system would be applicable to polishini" wa^tewate^iefflueftt- by 
removing COD and suspended solids. , ' . ' ' ■ i^ ' : '\ ■ 

; ■■' ■ ' ' ■; ■ „ ■■■ ■ '.. ' . ir" ''■ • " „ 

. -The bapkwash,wat;er should be sent to a holding tanfe/br equalizatiphj(|^ 

the biolpgical .p'r chemical treatment facility precedjhrtHe filters, fo^^pfe^hiheed for.' " 
separate,;solids removal facilities, the holdmg tankjshoujd be agitated i/^iffu&kr.or by 
a mechanical mixer to keep the solids in Suspension. To insure'that the suspeiS'solids in 

; tjje. washWater are, captured,, it must be given the saine treatment ahead . of pjration th"^ ' 
.wastewater receives/ , ' " :, . " ' ■ ' 

■ • .1 , •. . • . ■ . ' « ' ■ ' ■- . 
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The backwash water will normally average about 2 to 5 percent of the wastewater flow, de- 
pending on the SS th^' filters remove. Deep bed, coarse media filters,- removing up to 100 
mg/1 SS^ will have backwash water requirements of 5 to 10 percent of Ifie wastewater being 
treated. . ^ . ^ • 

11.4 Sand Beds (Intermittent Filtration). 

Effluents from small treatment plants, especially. package^type plants, are frequently 

to outdoor sand filters, which insures a higher degree of treatment and removal of 

the SS.'.Smaller plants, may frequently be upset, with a resultant incijease in SS dis 

The design, of these filters is similar to. the intermi|tent sand' filters frequently use^l? 

past for^biologically treating^^ettled wastewater (14).^ ' _ . ' 

. "* ' • •* . " 

Si^ph filters should, be drained with open joint or perforated tiles, qf at least 4 in., laid on an 
impervious layer. The santfMepth ^should be about 30*'to 36. in. (0,75 to 6.90*m); sand, 
should be graded, with an effective size between 03' and^D.-S mm. Although the flow to such 
filters may be continuous. in remote installations, thejioper Oj^eration for effectiv# treat- 
ment is to have two, and preferably three, filter beds'. ^The flow is directed* to one filter for 
24 hr. That . filter-is allowed to drain and dry . for 1 to 2 days, and the flow goes to an adja- 
cent filter. A 3-day cytle produces good operation an-d trejatment. | 

The loading rate over a 24-hr period of settled secondary effluent can be about 500,000 
gpad (490,000 mifm^^d), or about. 10 gpd/ft^ (0,5 m^/m^-d). Filtered effluent will nor- 
^ m'ally have a BOD »5 to 10 mg/1 and SS of 5 to 10 mg/1. ' ^. 

The solids that have accumulated on top of the sand are periodically removed, together with 
the top sand layer, and disposed of Operation in below. freezing cHmates can create prol?- 
lems. especially if operation is. continuous flow, instead of intermittent. Plowing the top of 
the bed into ridges and furroNvs about 12 to 18 . in. (0.3 to 0,45 m) deep has been found 
beneficial in keeping the top layer of sand from freezing and in keeping the bed pervious. - • 

Studies (.15) were recently conducted, in Logan, Utah, on using intermittent safid filters to 
filter the. effluent from stabilization lagOons, to remove thb suspended matter and upgrade 
the- effluent to meet the regulatory agency ^BODs standard of 5 mg/1. Thi^effluent quality 
was achieved at hydraulic loadings in the range of 400,000 t6 800;000 gpad (392,000 to 
'784,000 m^/m-'d). It was concluded that, for an average loading of 500,000 gpad (490,000 
m^/m-«d),^ the filters would operate* approximately. 100 days before cleanijijj. would be re- 
quired, if receiving a lagoon effluent with an average SS concentrafion of 20 mg/l. Glean- 
ing, consists of removing theUop layer of sand; eventually, ne^ sand n^ust be added. 

11.5 Microsqreening ' ^ U ^ 

A microscreen unit consists ot a motor driven rotating drum, covered with a microscreen 
medium, mounted iVorizontally in a rectarigular chaVineJ (Figure 11-8). The wastewater 
* enters the drum through one end and passes out througli the screen, with the.SS being 
retained on the inner surface of the screen. Pressure jets of plant effluent are directed down 



onto the screen, to remove- the deposited solids on the inside of the drum. The washwater 
and removed soMds are captured in a washwater hoppier and;^ conducted .to a point jputside 
the drum! The washwater must be recycled upstream^to the p^int wh^re the main poiition of. 
the solids are removed from the wastewater being treated. In k biological plant, it sh^ld be 
. ♦recycletl- to a point ahead of the aer.ation basins or trickling filter (e.g., to tl^primary 
st^ttling'^basin). If the jnicroscreen follows a. chemical treatment process,' fhg washwater 
should be'refurned ahead .of the fy^int of chemical addition to the wastewater. [ ' 

Biological growths onjhe microscreen are controlled by periodic treatment with a chlorine 
■solution. In sobe cases, placing ultraviolet lights aboye the screen medium has hfeen effective 

in controlling grbwths. ''"^ tJ; ■ • ' 

.• . ■ \ ■ " ■ ' 

Microscreen ifnits H^aye been Qsed to polish secondary plant effluents. By using a. fabric with • 
25-micron (juni) opertangs, the suspended solids in activated sludge and trickling filter plant 
effluents have been recced from about 20 to 40 mg/1 to about' 5 to 10 m^/1. With activated 
sludge plant eftluentSv this reduction can represent a final effldeilt BOD of about 10 to 20 
mg/L-The washwater wiil'^mount to about 5 percent of the flow being treated. The fiUra-" 

tion rate will average aBout% tb 8 gpm/ft^ (230 to 460 m^/m.^-d) of submerged screen area. 

\ . ' ' . ■ . . ■ • 

Microscreens usually are not'^iy^ery effective in removing alum ^flocculated solids in final 
effluents. The alum floe does nS|, have muqji shear resistance and seems to "flow" through 
the fabric. However, if alum is fe%to an aeration basin for phosphorus removal, the solids 
remaining in the effluent from a fifl^^l clarifier can be removed to the same degree as normal' 
; activated sludge solids. % ' / 

\ ■ . 

' ' ' 

The reader is referred to the Technolog^^Transfer Design Manuals for Suspended Solids Re- 
moval ^Ifnd Upgrading Wastewater Treattii^ii^t Plants for. additional information on iriicro- 
screens (1) (2). ' ■ „ * ^ ' 

. . ■ . . \ ■ 

In choosing microscreening or rapid sand filter^^i^for SS removal from wastewater trealme'nt 
plant effluents^veral items must be considered.'^ granular media filter can produce a high 
quality effluent if such is required, because, effluent) SS below 5 mg/1 can be obtained with 
proper design of granular media filters. Such an effluli^l quality would be difficult to obtain 
consistently whh a microscreen. Some comparative studies between sand filters and micro- 
screens^ were nftade bv the Chicago Metro Sanitary .Distnl| (16) and in England (17). Micro- 
' screens; cannot cope with sudden load changes as well alWnd filters. Sand filtersVequire 
about 8 to 10 ft of head, which frequently means pumping.kid appreciably^ increased costs. 
Microscreens require only aboqt 1 2 to 1 8. jn. of total head lo*^. The spacQ tequirements for 
nrticroscreens are less than those for granular media filters. \ 

n ■ ■ .■■ " ■ ' ■ ■ \ ■ ' ' 

On the basis of total and operating cost comparisons made in Engl%d (17), microscreening 
was somewhat more expensive than sand filtration, even if pumping w^ required. 
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^ CHAPT 

■ ^ ' ^ ■■■■ ■ ■ ' 

. • PHYSICAL-GHEMICAfe;^ 

In this chapter, physical-chemical treatment 
bining physical^ and chemical processes whpse effectivei 
and chemical reactions. Such processes include: 

1 . Coagulation-floecul 

^. Recarbonation 

. 3. Gas stripping 
Sedimentation 

5. Filtration ^ 

6. Flotation 

7. Adsorption *^ 

8. Oxidation-reduction 

9. pH adjustri^nt ' i r,;;v-,;^^j^^?^ ; 
10;. Reyerse.c^mosis. ' ■''^''^ * ^^jS'J^ ^ 



iTMiENT 



..is deflhed^^s.freatment coi^-.; 
^arily depends on physid|ff:^$j^lr'|;i 





1 1 . Ion excl>ange >• 

12. Distillati^)q'>^;' ' 



PC treatmen|^bf . vJ^ewater employs soimy^c^^ of th^ above unit pfQpesses to 

remove pollutants ai^d after water q^^ possible'^o pbtairt 

any deSired efTlueifi!w;^ « "'^^f'-^ . * '^'v^.'^ . ^ ' / h " 

However, wastew^td^^pe^ii^^ standardf^isu|liy qrS^; 'Wl}^^^: i^d^ 

biocheniica^ - and ,30 mg/lv, c'femi^ o 

— II. ,«£iife:p^j[^|gg of quality /may be almned by BG tFCfatm^nt^^ witlK 

iyj" Goagulatk)h-npcc 



sm 
lowih; 



2. Sedimentation!.. 

3. Filtration ^ l^*' 

4. Adsorption .,-. >' ; 




p.- 




PC methods may be necdssary\ When:..(^,cumstances di the removal of ^uV^nees not 
readily removed by biological WjtMent /method^^^ 

compounds, biologically refractory organic material^^or to?^sub^'fa'|(ces,:*)6th org^ arid 
inorganic- The most common inorgapicv substance .noijnallj^ Removed, 8KPC.^toa1^ in 
municipal wastewater is phosphorus. If an industrial dischar|B is a 'cc^pOT^.^;^the munic- 
ipal wastewater, substances such as nitrogen, phenols, dyes, heavy met^r§,;anb related mate- 
rials may be pre^'nt in sfgnificant quantities,'ahd PC treatme 
»PC processes are used in. smaller wastewater treatment plants^ 




be f^^uired. In general. 
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1. Reduction of phosphorus I' , ; . 

2. Reduction of ^*trG|g!?n ^ . ' '■• . , \ 

3. Treatment of wasles.tjgxic to biological systenis^'' 
.4. Removal of colcSi^^ ^ ' . v , . 
5. • Removal of Mol®§ical!y reifxactive Wterials 



PC methods have not beeq wide^ usecf to treat municipal -wastewater, because o^.cost and 
lack- of demonstrated .experience #ith these methods. However/ in recent. yearsN^uftient 
removal has become obligatory In ?brAe States: Repforts now available jn the technical litera- 
ture (2) (3) (4) (5) pernjit a^esignef 'fe./evalu.ate the^'^pplipability of the avikable 
cesses to .the parjjcular (fesigVprobferjj. These process^^maj^ be used alonq or in^onjunl^on 
with biological processes ^a^o^idn. optimum-<^results. Thev should be considered if-*^ ' r< 

1 . The wastewater.contains large^ejticfenbations af i>6nsettlea\)je.SS '(colloidal) • '. 

2. A\high degree of ^treqt'meilt ij. required^ "^^-J . '\ , f " • 

' • 3/ A high degree o^ reliability R'reqirifed ^ ■ ■ ' '%IJ'- ^' ; " "^V^ 
; 4. Fluctuations in qu^Hjy^^arfd q^^tity of wastewater ire heyond the: tolerance 
biological systenrs ,(5uct|ptionS dltt^toja 



5.' 



'population, and startup and shuftiown of a^seasonal inc^ustr^) > '^r 
Plant size. must'^be mini-mize^d^^'^ * ^ ' . • "'Vi^ . ; ' 



There* are situations in which PC methpds arej^i^all^^i^^ 

ing. large, concentrations of dis'3olyed|>t>iologic^ny degradable organic iriate1ial,^,^i^''pf^^^^^^ 

isual^y. trqat^-ij^ore 



vVith B(^P Concentrations relatively' hi^h in co|jparisQj} to COD, 
economibally by biological methods;- fGr*^example, a^^;^^ 



coiroining large^ fc(ync^^^^ 
tions of sugar, soluble. starch, aceticSicid;;e*c;, W^SSgjl be '^icult to treat by BG rnetjhotfs: * "^^^ 




12.1 Design Considerations ' ' ' 



Basic data and preparatory studies' refquiredfiftdei^nir^ ^re^tm^ent syst^m'in<^ 




■ .vis 



Sufficient chemical and biologital analyses »of the; wastewater, to ascertairf^tlj^e 
fluctuations in concentration^of.^arious pc^lut^nts over a period of time / ' , 



'^of^aric^s pc^lut^ntj^'Over a 

2. Hourly, daily, and annual variatinns in raw wa^jgl^^ater flow 

3. Treatability studies, using PC ujiit pr^ce.gi^s considered fordesigjj^ ^ 



The cheqiical analyses are essential in selectirtg unit operations to be erjiployed and chemical 
additives, to be used and inT estimating the probable operating .co||bf the proposid treatment 
worlcs. The raw wastewater flow and flow vari£[tiC)ns^,q^6usly shomd be, estimated, to 
^establish the sizTe of the various treatment units and tfrf atixiliai^ ^equipment, such as 
clWnical feeders, f^low equalizati/)n may be necessary to reduce the^equired capacity of the 
chemical feeders and treatment units, whose design is detefmirt^d^y .hydraulic loadings. In- 
formation on equalization basic design is given in criapter 4: . . ' ; 



Chemical treatability tests usually take the form of jar tests, in which various dosages of 
selected cheinicals are added to jars of -the wastewater on a multiple-positipn stirring 
machine; Instructions for making jar tests are giverl in th^EP A Process Design Manual for 
Suspended Solids Removal {^). After suitable periods of niixing, flocculation, and sedimen- 
tationv the results .of the chemical addition are observed and measured. These results will 
establish the suitability of the selected chemicals, the dosages required, the degree of treat- 
ment to be expected, and the flocculation characteristics of the waste, and will provide a 
means, of estimating the weight of sludge generated by the proposed treatment. Considera- 
tion of^sludge disposal is particularly important in the design of a PC treatment plant, be- 
cause of possible unfamiliar characteristics of the. sludge produced. Details on sludge han- 
^dling and disposal are given in chapter 14. . ' 

12.2 Chemicals 

/ • ■ ■ - ■ 

. 12.2.1 Alum ^ • 

. ■ ' . ■ * ■ ' ' , • . ' ' ' ■ ■ . ■ ■' 

Alum (aluminum sulfate) is widely employed in water treatment as a coagulant for color 

and turbidity removaL.Alum^has also been used, to a limited extent, for municipal waste- 
water coagulation. Interest in the use of alufti treatment of wastewater has greatly increased, 
however, because it has bec'orne generally recognized that phosphorus can be precipitated 
with alum. The simplified chep:iical reaction used to represent the coagulation process is: 

. ■ I ■■*..■« . / ■ ■ 

. . AI2 (804)3 * 14 H2O + 6 HCO^ 2 A1(0H)3 + 6 CO2 t + 14 H2O + 3 SO4 

A1(0H)3 is a gelatinous, insoljable compound, which entraps and adsorbs suspended par- 
ticulate and colloidal material in wastewater into a floe removable by sedimentation and 
filtration. HCO3 represents the alkalinity component of the wastewater. The chemical reac- 
tion involved in the removal of phosphorus (in the forrn of phosphate, POf ) is: 

Al2(S04)3 - 14 H2O + 2 POf -^ 2 AIPO4 + 3 SO4 + 14 H2O 

The above reaction indicates that, theoretically, removal of 1 lb (0.45 kg) of phosphorus 
requires 9.6 lb (4.4 kg), of alum: However, because of Xht competing reaction with the alka- 
linity and the necessity to reduce the pH to 5.5 to 6.5 (the minimum solubility range for 
■AIPO4), dosages of alum greater than the theoretical dosage are required. Therefore, the 
aluminum ion dosage is usually about 1.5 to 2.0 times the phosphorus ion removed, ex- 
pressed in weight units. ^^The proper dpsage for the degree ,of removal desired can best t^' 

determined by jar tests. ' . ^ ' . 

' ■ \ • ■''}. * 

\ . ■ ' . 'I 

SodSpm aluminate (NA20'Al2 03''3H2.0) may be substituted for alum in certain situations 

(e.g., if chemicals are added to a biological pjocess for improved phosphoru^removal). In / 

this case, the dose should provide ah equival^t amount of aluminum, compared to the alum 

dose. ^ ' ' ' ' . ^ 



Alum may be purchased in lump, ground, jbowdered, or liquid. (49 percent solution) 
form. Choice of form depends on the amount used anfl^e location of the wastewater treat- 
ment plant in relation to the source of alum. For details, about the forms, sources, and 
design considerations of alurn use, refer to the E? A Process Design Manual for Suspended 
. Solids Removal (4). • ^ v 

, 12.2.2 IronSalts ' ^ . ' ' ' 

.': ■ ( ■ • . ' .-P ■ 

Iron salts react in mUch the same manner as alum and are capable of coagulating color, tur- 
bidity , suspended and colloidal solids, and their associated BOD and COD. 

• ' • " ^ ■ ■., 

The chemical equation for precipitation of phosphorus and coagulation of wastewater with 

ferric ion is: " y . 

■ ■, . . ♦ " • 

Fe^+ POf FeP04 

In.water, the ferric ion reacts with the hydroxide ion as follows: 

Fe^ + 3 0H-^ Fe(0H)3^ 

From these reactions, it may be calculated that 1.8 lb (0.82 kg) of iron are theoretically re- 
quired to reifio^e 1 lb (0.45 kg) of phosphorus. However, as with other coagulants and 
coagulant aids, some amount reacts with the alkalinity andjs not effective for phosphate 
removal. Therefore, the actual required weight ratio of ferric ion to phosphorus ion is 
usually about 2.5 to 3.0. The jar test is generally the best guide to required dosage. 

. Iron coagulants are available in the follo^^ing form^: ^ . • 

\ ■ ■ ^ ■ ' • - /. 

Ferric chloride (anhydrous), FeCl3 • . . ^ 350-lb drums 

^- - ^« ^135-lb drums 
Ferric chloride (lump), FeGl3 -6 H2O " 
Ferric chloride (liquid), 37 to 47 percenlFeCl3 ' 4,090-gal lots ^ \' ~ 
, Ferrous chloride (liquid), 20 to 25 ^' 

percent FeCl2 (waste pickle liquor) 

Ferric sulfate, Fe2(S04)3 -3 H2O 50-to, 100-lb bags . 

V ' • (400^1b drums), 

Fe2(S04)3-2H2p , 50 to 100-lb bags 



(400-lb. drums) 



- Verrous sulfate, FeS04 -7 H2O 50-lb bags and bulk 

■ ' ■ .■\ . ^' ■ 

Iron coagulants are mq^a^f less hygroscopic, depending on the form used. Some, such as 
ferric sulfate, can be dfy fed, but it is not recommended for small plants that may be un- 
attended for long periods. preferred dosing method is solution feed, which is generally 
more reliable than using small dry feeders. Ferric solutions are very corrosive. 

■ - • ■ ■ , ■ , . • . ■ ■ ■ 
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Details concerning the feeding of .iron salts.^are in th^ E1?A Process Design Manual for 
^ Suspended Solids Removal (4). ^i^ji-:^- " i 

12.2.3 Lime . 

. Calcium (Ga) ion in the presence of the»hydr6iide1pn will react \vith phosphate to form the 
slightly soluble mineral, hydrcrxy apatite. The generalized equation for th|||||||||cess is: 

• 3 HPOlVs'Ca^+'HH^-^^Cas^^ / 

Lime (calcium oxide [Cab], or quicklime) or calcium hydroxide [Ca(0H)2, or hydrated 
lime] are the most common sources of calcium for wastewater treatment. Lime has the ad- 
vantage'of providing both the calcium ion and the hydroxide ion needed for the reaction. 
However, as with alum and tfie iron salts, acid neutralizing reactions and softening reactions 
divert some of the lime dosage from the phosphate reaction. Lime may also be used to pro- 
vide additional alkalinity, if needed for the iron and alum coagulation processes. • 

If lime is used to r^jjove phosphate in a PC treatment piant,''a sufficient quantity must be 
added to raise the to 10 or higher. A pH of 1 1 or more may be required to reduce the 
phosphorus concentration to below 1 mg/1. Jar tests shbiUd be used to determine the lime 
dosage required for good clarification and the phosphate removal desired. Dosages will be 
higher in hard water areas where the 'softening reactions will have a high jime demand. 

A soft water supply could also reduce the use of phosphate-cpntaining detergents, reducing 
lime demand at the wastejvater treatment plant. Following lime mixing andv.a 'short floccula- 
tion period, the precipitated hydroxyapatite. and calcium carbonate are Separated from the 
wastewater in a sedimentation basin. ' ' . ' * v .. 

Following^sedimentation, advantage may be taken of the high pH of the wastewater to air 
strip the ammonia (6) (7). Whether or not the ammonia is removed, the sedimentation basin 
. effluent will bontain ejfcess lime (which may cause, difficulties in subsequent processes), 
and will have a pH value higher than acceptable ffirdischarge. The excess linre is usually 
removed by adding ca/bon dioxide (or flue gas containing mostly CO2) until the pHTs 
reduced to about 9.0 to 9.5. At ^this pH, calcium carbonate is least s^uble and may be re- 
moved by additional settling. Sometimes an iron salt is also required for gqod clarification at 
this point. If an extremely high quality effluent is required, the sediifienta^^ basin effluent 
is filtered, using, in-depth filters. Prior to filtration, the wastewater pH m^y require further 
adjustment to afeo^ut-rT.S to 8.0, to prevent precipitation of calcium carbonate on the filter 
media. At these pH values, the cafcium is associated with the*^ bicarbonate ion and is fairly 
soluble. ' ' 

Lirne may be purchased as quicklime (CaO) or as hydrated lime [Ca(6H)2] . The chemical 
.difference between the two fomis consists^ of one molecule. of water combined with Qach 
: i^^^^ of lime in the hydrated form. However, this small chemical differeiice result! in 

pliys^ properties that make hydrated lime 'much easier to use in a small wastewater treat- 
•iti^i. plant: Quicklime is not suijtable for a plant that would use less than about 1 ton per 
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,day of this chemical, because of storage '^nd handling problems. Further.ilifodination is avail- 
able in the EPA Process Design Manual for Suspended Solids Removal (4). 

In some localities, Hydrated.Kme can be purchased as a slurry cbntaihirig 20 to-SO per.cent 
lime. These slurries are the byproduct of acetylene n^ahufacture. If available-within ^ reason- 
able distance, this form of lira^. may be the cheapest and easiest to. handle^. It requires a 

storage tank with a slow mixer to keep the slurry in suspension. • • 

'•■>.' • ■ . "» 

All forms of jifne tend to cauSB excrustations on pipes and equipment, and thus pipirig and 
equipment should be designed for easy cleaning. Piping should'permit the frequent use^of a 
'•polypig" (a plastic insert which is forced through the piping by hydraulic, pressure)r Pre- 
veritivemaintenance is ess'ential for successful operation of a lime treatment system.. 



12.2.4 Coagulant and Filter Aids 



\One relatively recent ' advance for removing suspended contaminants in wastewater treat- 
•pent has been the development of organic polymers, or polyelectrolytes, having properties 
that permit them jto^ act coagulants or coagulant aids. These synthetic or naturat poly- 
mers, if introduced! into wastewater in relatively low concentrafibns (from le^s than'l"'mg/I 
to 10 mg/1), may bVkig about a coagulation of the Wpended. matter into settleablfe^^^^^^ 
able floes. .%nthetic polymers may bedassififed on the basis of the type of charge on the 
polyrner ch^in. Polyhiers having negatiyp charges are called anionic; those carrying positive* 
charges are cationic. Certain compounds carry no charge and are called nonionic. • 

.Many polymers^are available for'wastewater treatment. The EPA Process Design Manual for 
Suspended Solids Refno ml (4) lists sevefial different polymer manaafactujers. 

Selecting the best polymer is based on experience and testing (jar tests are the'test method 
of choice). Extensive testing^should be done before selection. . Dosage is just as important as 
polymer selection (an excessive dosage may yield poor results). Polymers may be used alone 
or in conjunction with other coagulants, tb improve settleability and filterability of the 
wastewater. Information about these polymers, their availability as feeding requirement^ 
etc., qan be found in reference (^4)- , ^ • , 

1 2.2:5 Ozone . ^ ' ^ 

Ozone is an oxygen molecule containing three atoms of oxygen. In wastewater treatment 
plants,, ozone has been^j^d principally' for odor control in the exhaust air from wastewater 
Wi^ wells, screen chambers, apd similar locations. In Europe, and to a limited extent in thb 
Umted States, ozojje^tras been^nised as a disinfecting and color reducing agent for municipal 
drinking water. Because ozon6 is a powerful oxidising agent, it has been suggested that 
ozone may be used as S tertiary treatment step to obtain low effluent COD values. An added 
benefit would be disinfection. Ozone is also excellent for removing phenols. Above a pH of 
10, ammpnia may be oxidized to nitrate-nitrogen^ Foc color and COD reduction, ozone may 
in some c|ses replace activated carbon Adsorption. Ozonation is discussed in chapter 15. 
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12.3 ; Unit Operations' 



12.3.1 Mixing and Floccujation ' . . ' 

Excellent mixing and flocculation are essential tp the.«economical operation of a?(y chemical 
treatment system. Mixing disperses the a,dded chemical throughout, the wastewater being 

" treated. 'The most efficient Utilization of chemicals is achieved by an extremely rapid Snd 
uniform dispersal. Good mixing requires considerable energy input,^and velocity gradients in 
excess of 300 fps (90 m/s) should be employed. Velocity gradients of this magnitude when; 
adding coagulants, however, may . cause excessive shearing of floe particles, if contairted for 
over 2 minutes. It is, therefore, necessary to reduce the energy Input and ^thet'iVelocity ■ 
gradients as soon as the dispersal of the tfeatipg agent is complete. In t^e flocculation'i^tage, . 
the flocculating agents and the suspended matter in the wastewaters coalesce into relatively 

Marge floe particles^, whicji have improved settling characteristics. Velocity gradients in thQ^ 
flocculating section'should not exceed 1 00, fps (30rmys). . Flocculation may require from' 5 t^. 
30 minutes. The time(r&iuired may be esti/nated from the results of the jar tests. Following . 
flocciilation, the wdste\yater is normally admitted to a sedimentation basin. Excessive turbu^ ' 
lerfce should be avdided' in the ^ow frorii the flocculation- basin to the sedimentation basin, • 
to keep flo.c breakup rb a minimum.. A^m^fe complete discussioia of mixing and flocculation 
is found in'EPA Design Manual f^^^ ^ ' . 

12^2; .Sedimentation ■ , ' , . / 7'^/' 

Well-conditibned chemical floe generally settle more slowly than primary wastewater 
kludges and r^^ rapidly than Activated sli^ges*(4). Few'generalizations can be {nade, how-" 

^evet, concerpiW th^actual rates of settling' ta be used' for desig^^pufposes, because theV . 
rates depend on. the piirticujar coagu^ response to coagulation aids,.and?the 

chemistry of th^ wastevjater being .treated; Present recommendations (4) for peak overflow 

vrates for sedimeriktion basins-are, 500 to .600 gpd/ft^ (20 to. 24 m^/m^'d) for alum^yjlfeiiis, ^ 
7001O 8Q0^gpd/ff2 (29.33 m3/m^-d) for Fe systems, and 1,400 to 1,600 gpd/ft2-^7 to 65 
m-^/m^-d) for lime systems; Further .experiehce a^d actual pilot ^udies will offer mofe , 

^accurate design irifofmation. }} , * . . , 

' " \ : , . ° ' ■ . . ' ' ' ■ ; . ■ " 

Afhple provision -should be made in sedimentation basin design for the large quantitie^oj" 
sludge generally produced by chemical coagulation of wastewaters. ' " ' . i/. 



1 2.3:3 Lime TAatmept and Recarbonation 



The criticahdesign |)araFneter is the peak Hourly surface^overflow rate/Gross carryov^lf^^^^^ ' 
solids cap; cause, a downstream, filter or. adsorption process to fail because of excess h^ad .. 
loss: Such a- failufTilbay. in turn .result in a* totali^aTlOTe-oftheT}taTi^ 



LimeJreatmQnt of wj^tewatefs for phosphorus removal often requires raising tlje pH':a,boye 
10.0 to 1 1.0. At th-epe high pH values, precipitated calcium carbonate tends to encruk all . ' 
downstream processing equipm^t: Provisions should be made for reducing the pH to about ' [ 
9.5j before, , and about 7,5 following, lime-promoted settling. The pH may be reduced by 

■ '''' ^ " - ' ."^ • ' ■ ; ' - ' . * J 
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introducing carbon' dioxide gas into the. wastewater, which will result iri the., formation of 
calciuin carbonate. For, a small wastewater treatment gljfenjt, the carbpn.dioxide^may be oBt 
•tained in tank truck, lots from a cpnvmercial ^supplier. It " is usu^ly. added to the. water 
•through a diffuser gnd system in a recarbonation basin. Recarhonatiiii basin dett^ntion time 
, is usually between 10 Ip; 15 minutes. The tlo-c formed with or without additionaPaJiemical 
coagulant is then Vemov^'d 'by sedinientation in a .sticond basin. A more.complete description 
' of this p'rpcess is contained i.rr'refererrce.(-5). ^ . ■» . 4 

The iiigh pH from' lime treatment may also be reduced by iheiuse of a mineral acid, such as 
. sulfuric acid or hydrochJoric acid. Usijig mhieral.acid to reduce the pH resulfs in an increase 
' in' the total dissolved^solids'of ".the effluent. The niethod of {fH reduction selected will 
\ d^*pend:on the eftluent quality desjred and>the c6sts of the alternative methods, 

■ ■ . ■ ■ ■ " ■ ^ ■■ . 

12.3:4 Filtration • • [ " . ' 

_ • • ■ .0. \ - . . ; * • • . . ' ■ . ■ . • • 

If the PC treatment. -system chpsc; includes filtration for improved SS removal, it' is 
common to employ granular media designs. Use of these Tilters for polishing eftluents jfrom 
. secondary biological treatuRMit plajits is discu^^^ • 

■ - ' ■'■ ' ■ . •■. " •■•./■» ■ . ^. ■ ,^ ■ / 

Properly designed dual- or multimedia filters. have operated at rates oT [ibout 5 gpm/ft^ (0.2 > 
' ■ m-^/m^-nlin). Filters should J:>e provided with surface or air/>X^ater backwaslung. Pressure 
^ filters. are often desirable, for .small plants, "because of the higher head losses (up to 20 f t r 
;';[6 m] of head) that m^y be employed. If filtration is followed by a.granillar'carbon.adsorp- 
.-tion. step, the effluent from Jfii pressure filter caq pass^thjrough the downstream carbon • 
.. columns with'out having to be Vepumped." . , . •; " . . » j, • 

,Filte(p back^vvash waters hjejrst be reprocejised through the wastewater treatment system'. 
Direct retiirn jf the wa^ W-;iters to the head .of^ *the plant would create a substantial 
. iiydraulic .^ur^, Theref(^,'' i equalization facility is ava,ilable for the incoming 

[ wastewater; tfie'backwasK in a storage, tank and/^fe^ycled -to the 

head pftfthe.'prant at a contYol^ed rarco..Ai\" excellent treatment of the-^iesign considerations • 
t-of . l-ijtratipi1Vv:an be found,-i/i (jiiupter 9 .6^,xf^\^ p^^ ' Process's Smphidc4 - 

waste\va.tlM';is|passed through the granul^r.c^irbon in a column. Th(^ flow nuiy be either 
..■-\ip^l6vy.Q<f Mown flow. ^AconVp.lete description of the designs of .granular carbon adsorption. . 
: "^ystenvs. is'.includedMii the HPA leclmology Transfer Pro<:e,s\s' Z^bz^^ CaKbov 



. The- amount of carbon used jdepe.Llds.on,the amount of COD rem^ved/Ca'rbon adsorbs .both 
biodegradable and o^ldier Qrgcljnip; therefore, amount of COD rem^yal must be used^ii esti- 
%atmg carbon usage. It has-: bySj) tbimd that for domestic wastewate^^^ a pound of carbon 



rnay ad&c:)r^' 0.5 l^^'Or 'lliore'qr 




r. • -\ v../.. 



CD?r- '-V.^^ r >1 



If the effluent organic concentratioil froni a qarbon column exceeds the desired level, the 
adsorptive capacity of the . car1)on is exhausted, for *t^^^ The exhausted 

column must thea be' taken out of service and theiused carbon replaced with fre^^^^^ 
'In a small plant,' the .exh^isted^ carbon may be discarded: In largejr plants, it may ^be eco- 
nomically desirable to ^regenerate the spent carbon. This is generally doYie by' t^^^ 
methods.; For smaller plants, Jhe carbpn, must be sent, to an offite'.regeneritiqn facility. In 
any eveijt, a det^led cost analysis is necess^ to -determine the most 'economical: niet^^^ 
of dealing with the G^bon. Powdered activated carbon treatment is ^ possible alternative to 

• adsorption, ' ; ' ' / ' ' 

\ 12:3.5 " ■■Adsonrt ^/ 'v 

Adsotptiop has' befen^ as a process of interphase aecilmulatidn (2)' of io^, atom's, 

molecule,s,^ or c6116i^l p^^^^^ occur at an interface, between any two ; 

, phases; fbr^example,.'ajiquid-liqiiid 'interfa a- gas-liquid interface, or a liquid-solid. int^' 

• face. TTie inaterial being concentrated is'referred to as the ."adsorbate/' and>the ad§orbitig 
; phasQ^^s^c^^^ physical and chemicai forces (such as Van der Walls 
'•^^^ etc.) cause this accuniuktion,: which is similar 

Interest in the current disQussion centers on the^Wsorption^of pblliita^ 
.a "solid. For the .majority of ^systems encountered in wastewater tre^^ 
driving forces are the lyophoblc -behavior of the solute felatWtb the solvent (wat^r)^^^a^^^^^^ 
high affinity of the solute for th^^isoiid. A more cofnplete description of the adso^Jtion pror ' ; 
cess and the mathmatics of its application will be found inTefer©nce^'2). 

^ Adsorption may be used X6 itieet extremely highTmal'effliierit standard^or BOD an(i COD 
in a small bio logical t^atmei^tp^ or as a substitute, fbr biological treaytment in a compfete 
PC treatment plant, fti^ this btter ca^e, the carbop^^^^^^ is Used to remove 

soluble otganics remaining' ^^^^^^^^^ and ■ filtration of; r^w was^ t(*, obtain 

, BOD5 ;bf l^ss than 2G mg/1. Currently, the most cpmmonlyxtsed form of activated carbpn is - 
the^ahular form. Because powder^ carbon currently eoip; about $0;:15 to $0.26/lb, and. 



gfanular carbon costs about $.0.45 to $0.50/ib, i)owdered':car^n us^^^^^^^^ bnee-through 
basis may be ji^stifi^d for small plants not requiring a high degree-of ftel^^^ - 

Granular carbon .columns ar^ also* used ^ after chlbrination to reniove /fartial^^ 
chlorinated prganics ' a'nd chloramines. in ;.co^j unction'' with ' bre^jRQirit '^dhlorihatipn for 
\animonia removal (9) (Id). ^ ' ^ :; 



12.3.6 Stripping '»/ 



Stripping is a method of removing volatile substances from a solution, by exppsinglthe sblu- . : 
tibn tb a^n atmosphere; in which the ccfecentration of . the volatile comp^^^ 
sphere isHess than the equilibrium concentratipn in'the liquid, in accordance v^ith Henfy^s ' 
.fe- ^The vblatile^component.then tends; to leave the* solution and entfer th^^^ 
until equilibrium' is established. Liquid gas^urface films resist the . esc^tJe'pf the Volatile . 



• component, as does the diffusion tljrough the bulk Hquid. Strippers are designed to maxi- 
mize the ^te of. escape of the volatile component, by creating constantly renewed interfaces 
. between the liquid *and the atmosphere; reducing the distance of^diffusipn within the bulk 
. liquid, providing greater turbulenc^' and providing an atmosphere with little or none of the 
volatile component. ' 

In wastewater treatment practice, there are three types of strippers; 

^ 1. The babble type diffuses air, in the form of small bubbles, into the'wa^water 

The small bubbles present an extremely large interface between airland watej:, 
while., at the same time, the interfaceas bfeing renewed by the mo>^ent oi the 
' ■ ' bubbles rising in the liquid. Volatile substances in the liquid cros^ the interface' 
into the bubbles and are released to the atmosphere when^the bubbles reach the 
surface. 

. ; 2. The spray system sprays wastewater into the atmosphere iny&mall droplets. Here 
again, a large liquid-air surface is created, permitting the/escape of the volatile, 
components. Spray systems can utilize either natural wind and draft to p/ovide 
a change of air and remove the volatile substances or a/mechanical draft,yusing a 
. fan. \ 

V 3. The thin film stripper causes wastewater to flow in afthin Q^m over soliil surfaces 
- ^ in the stripper. These surfaces are usually contained/in a tower and may consist of 

' , packing material, wooden slats arranged in a'stao^ed grid, or other designs. The 

\ wastewater enters the top of the tower and flow/down over the surfstces in*a thin 

film. 'Ail* is blown in the bottom of the towe/ and exits^at the top or may be 
. drawn upward through the tower by a negativ^ pressure fan. Here Again^ the vola-' 
tiles escape from the liquid surfaces. The rel/ased volatiles may hk removed from 
the air before discharge to the^ general atmosphere by passing the off-gases 
through an appropriate absorber. 

Details on the design of strippers can be found in r^erence (6). 

'12.3..7 Other Unit Operations 

The other.Unit operations listed oh the: first page of this chapter are (cif minor interest to the 

« ' ' /f "... ' ' 'I 

designer of small munici^j^l wastewater treatrnent plants and .would only be employed in 

special situations. They ar^, therefore, beyorfd the scope of this manual. . These methods are 

mentioned here to bring them to the read^^'siattention, so they will not be overlooked if 

■ their use is indicated. 



In case a waste has a high fiber or oil/content, dissolved-air flotation may yield results 
superior to sedimentation, at a savings i)f space and capital cost. Reverse osmosis, ion ex- 
change, and distillation would only bdf considered in 'cases in which water reuse was con- 
templated, although selective ion exchange has befen studied in connection with NH3 re- 
moval (6). Oxidation-reduction proce/ses may involve the use of chlorine, ozone, potassium 
. . pe'rmanganaffi?, and hydrogen peroxidfe. Thfese chemical may Ije used for odor control aqd 
BOD reduction. 
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12-;4 Costs ^ 

the total annual costs of a PC treatment facility for comparable BOP5 r^oval^^^^ be 
similar to that of an activated sludge plant, depending on the circumstances of the applica- 
'tion. ' 

The operating co^t of a PC plant, will be higher than that of a biologicMplarit, although* the- 
initial cost may be lower. A PC plant may be more cost effective:than a biological plant. A 
biological system can remove ammonia NH3 by conversion to nitrate, while normal PC 
treatment (chemical coagulation, clarification, carbon adsorptioil designs) do^s not. As noted 
earlieu", PC plants normally remove phosphorus. Biological facilities' norm2(lly dp not, but can 
be modified to do so. Therefore, the required effluent criteria w;ll,greatly affect the^choices 
of a treatment system and the relative economics of the alternative approaches. . 
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CHAPTER 13 

NUTRIENT REMOVAL • • - 

13.1 General Considerations * . 

. ■ * 

If the wastewater from a municipality has been treated by the standard methods of primary- 
secondary treatment, the effluent wilt normally contain about 20 to 50 mg/1 of BOD5, 
30 to 90 mg/1 of COD, 20''^ to 40 mg/1 of total nitrogen, and 8 to 15 mg/Nof total 
phosphorus (1), as«vell as^rninor amounts of other constituents. These^ materials serve as 
nutrients (pv the ' nafural/biota in the receiving waters, sometimes stimulating excessive' 
growth of particular species. This overgrowth frequently creates undesirable conditions such . 
as oxygen depletion, fish kills, odors, unsightly concentrations of. algae, discolored or turbid 
water, and unpleasant tastes. To prevent^ such biological stimulation, it may be desirable to 
limit one or more of the nutrients in a treatment plant effluent.VGenerally, one of a number 
of essential nutrients is in shoct supply and, '^therefore, growth-limiting in any- particular 
natural environment . If the natural growth-limiting nutrient can be prevented f*rom entering 
the receiving water in the treatment plant effluent, excessive biological response resulting, 
from ihe distharge can be prevented. Prevention of excessive growth is the objective of 
nutrient removal. 

Numerous studies h^ve found that, in general, phosphoruses the growth-limiting nutrient 
in the natural freshwater environment (2). Nitrogen is generally limiting in the .marine 
environment (2). Less frequently, it will be found th^t ciarbon or some other element- is 
limiting. As a result of these studies, much attention has been given to methods for 
removing nitrogen and phosphorus from municipial wastewater. 

13.2 Phosphorus^Removal • ; 

As noted in chapter 12 of this manual, phosphorus may be r^oved in a physical-chemical 
(PC) treatment system by the addition of iron or aluminum salts, or lime, to rav^ yVastewater 
prior to sedimentation and filtration. There are, however ,'^many biological treatment plants 
that also require phosphate removal. Some phosphate will be. removed by the biological 
treatment via the exce^ sludge. The amount of phosphorus in the excess sludge dry solids 
is variable, ranging upward from 1.0 percent (the average percentage found in human waste 
dry solids). Methods for maximizing^the biological, uptake of phosphorus are not well under- 
stood and, therefore, cannot be relied upon 3s a means of nutrient removal at this time. 
Hence, it is necessary to fall back on chemical treatment to achieve reliable phosphorus 
removal from wastewater. 

■ ^ ■ 

, . : * 'II" 

Using chemicals to obtain good coa:gulation will usually result in a high degree of phosphate 
precipitation^ Xsee segtion 12.2). Such coagulation followed by sedimentation of raw 
domestic wastewater will remove 50 to 80 percent of the^B0D5, which will reduce the load 
on any subsequent biological, treatment processes significantly. The aeration requirements 
and the excess sludge production will in turn be reduce*. V 



Chemicals used for phosphate removaMn a"^ biological tre^*rnent plant may be added: 1) 
before, primaPy sedimentajtion, 2) in thfe aeration balsin 6f an activated sludge unit, 3).befbre 
secondary ^sedimentation; 4) affer Secondary sedinientatjon, orV5)^after second-stage- 
sedimentation and prior tQ^fil^ation/(if the plant is. a two-stage biological plant). Chemical 
^addition of limeSj^ould not be'u^d /fthe sludge is to 6e biologically ^digested. In a two-stage 
biological system, cpagulants shoulci not be added in the second stage,^ because-the increased 
sludge wasting would excessively, deplete the nitrogen-oxidizing microorganisms and 
inactivate thp system. / * 

Aluminum and iron salts will riot affect the aerobic organisms in the aeration'basin, or the 
anaerobic Organisms if the sludge is anaerobically digested. However, sometimes dewaterin'g 
the sludge" is difficult. If these chemicals depress the sludge pH below 6.5, lirne or some, 
other alkah should be u^ed jo adjust the pH to 7.9, before the sludge is sent^to the digester.: 

Conservatively, speaking, Xj\t amount pf>*t^^ nica l sludge produced will be iequal to about 
4 mg/1 for each n>illigramVper liter of aluminum lofTadded' and 2.5 mg/L for each milligram 
pef liter of ferric ion acjded. The amount of chemical solids precipitated viiih lime treatment . 
depends on the pH. maintained and the alkalinity of the wastewater, but roughly about three 
times as much sludge'by weight will be produced, compared to ordinary primary settling. 

13 3 Nitrog*en Removal / " - • , 

Ir/ the Q^shwater environment, because nitrogen is not. limiting, amrnonia or organic forrns 
in^the effluent may exceed the direct nutrient requifements^fthd receiving water systems. 
This excess nitfOgen can serve as an energy source. for nitrifying bacteria, which oxidize the 
nitrogen to "-mtrates. If nitrogen is thus ulij^^ed, qxygen is exlractedVfrom^ the dissolved 
oxygen resources of the receiving wafers. Ab^ut 4.6 partv' of 'oxygen are utilized in 
converting each part of amrnbnia to nitrate. The nitrogen, in municipal wastewater can, 
therefore, be equivalent to,-^G to 150 mg/1 of BiOD, if: iriot Temove<{ before discharge. 
Detailed discussion o\ nitrogen control is presented in the Process , Design Manual for 
■Nitrogen ControlO)' ^ . r^ :■ ' 

' ; >13.3.r - Nitrogen Transformations in Biological Systems " 

I ■ ' ■ • ' ■ • ■ . ' . ■ ■ ■ *' 

/Almost all the nitrogen in raw wastewater is present 'either in organic compounds or as 
ammonia. ;The principal sources of ammonia :are urel and feces, in whidi nearly 25 percent 
of the dry '>3ojids is nitrogen (4).. Urea is broken down by the. bacteria enzyme urease to 
ammonia and carbon- diokide, in sewers, in primary .clarifiers^and in biological treatment. If 
the" wastewater received at a treatment plant is relatively fresh, containing an appreciable 
concentratio-n of undecompos.ed urea, some of tl^fe iirea may remain in the effluent from a 
secondary treatment.-.plant. There is no know.n PC system for removing, urea or converting it 
to arilmonik. Thus, if wastewaters contain significant quantifies of urea, biological treatment 
would appear to be necessary to insure conversion, of the urea-nitrogen to either ammoniar 
nitrogen' OP :nitrate-nitrogen, which can iheh.be removed by either PC or biological processes 
(5). A good current review of this subject is given ia reference (6). - > 



'•i fc3 jSH^^nl-Cherhical Nitrogen Removal Methods 




'^A form of stn||HEadaptable to small plants resulted, from studies made in Israel shewing 
that the arnmonia^ncentration in a secondary effluent, if treated with lime to raise its pH . 
to 11, could IfV reduced 90 percent if passed through 10 ponds in series, each with a 
•residence timem^^ days (7). The liquid temperature Was 59° F to ,68° F (.15° to 20° C). 
Removal was ^wmplished by surface desorption into the atmosphere. 

Ammonia can w^idized td nitrogen gas by adding a-sufficient amount of chlorine to the 
wastewater to render. the weight ratio of chlorine to amfnonia about 9:1. This reaction must 
..be> carried ojjit at a pH ^etween 6.5 and 8\0 to avoid fomiation-of chloramines (especially 
tj>e trichloramine) (8) and of nitrates. The wastewater should receive a high degree , of 
tfe^ment for removal of organics, to prevent the form.ation of complex drganochlorides 
alnd to keep the chlorine requirejnents to the theorettefiJ amount needed for ammonia 
oxidation. The chlorides will be increased in the effluent str^ni'by the arhount of chlorine 
used, r^ Also, , because the pH is depressed, the ^addition of an alkali, such as lime or caustic 
soda» may be necessary. * * f ' " ' / 

It is possible to obtain greater than] 95 percent removal of amrnonia with this prbcess. 
Economics and limits on chloride concentration in the effluent fnay dictate its- applicability, 
however. It is desirable td follow the chlorine contact basin with an activated carbon 
column: Carbon catalyzes the ammonia-chlorine reaction and minimizes the discharge of 
, chloramines in Ithe effluent (9) (10). . 

'Amfnonia can be removed biologically by conversion to nitrates '(the process of nitrificatidn 
is described in chapters. 7, 8, and 9). Such nitrification can be obtained in lightly loaded 
. activated sludge systems, in a two-stage^trickling filter, or ia a lightly joaded bio-disk unit, x 

Denitrification is accomplished tjiologically in either a suspended growth or fixed growth 
unit. By maintaining anaerobic conditions, the facultative organisms present will break down 
nitrates as a source of oxygen and release nitrogen gas. A nitrifying-^ctivated sludge process 
can he followed by a reactor containing a suspension of organisms', which are kept out of 
■ contact with free oxygen and slowly agitated to release the nitrogen gas bubbles to allow the 

. solids to settle properly in a gravity clarifier (1 1). The reactor should have a hydraulic 
detention time of about 2 hours. Td obtain proper settling, about 30 minutes are necessary 

i to insurfe that bubbles of nitrogen gas are detached from the floe. Aeration assists in this 
separation. ' . - • \ * ' . ^ \ 

Denitrification has bfeen studied using either packed towers or rapid sand filters (12) (1/3). 
Several plants- using such systems are under design. A plant using large medium packed 
tovi^rs arid also^fi^g medium columns is being operated under an EPA demonstration grant 
to study both systems for denitrification. Initial results indicate that both systems can 
ledule nitrate-nitrogen (14). The packing in the large medium towers consists of 10 ft (3 m) 
of 5/8-in. (15.9 mm) plastic rings;the fine medium c^umns have 6.5 ft (1.95 m) of 0.12 to 
0.16 in. (3 to 4 mm) sand. 



Because the dehitrification organisms require a /source of orgaWc carBon, it is usually 
necessary to feed sbme methpnol (or other organic carbon source) to the denitrification 
process in proportion tp' the incoming nftfate/concentratioA, if th« .wastewater streams have 
a low' BOD. About 3 Ib^of 'methanbf^re -required for each pound of nitrate-nitrogen, 
removed, if tHere is no .other source of readily available Carbon in the nitrified \vasteValer: 



vBiologica! systems can reduce^ ammo-nia-nitrogen tq b^elow- 1 :mg/l, if they jsre deVgned for 
the^ existing liquid temperattir^ co^dftions/ A biological' system .can 'also reduce total 
• nitrogen toMess than 3 nig/ 1. 1 \ .. "^ « ' ' 



"13.4 •• Rembval.of Soluble Orgariics ' - ' ■ 

\' ■■■■ :].' ■■•' - :■ ■ ■■■ ■ ■ 

Inasmuch as green plants have tke'abijity. to convert, carbon-dioxide or bicarbonates"lnd 
water to complex organic substarices by photosynthesis, it is seldom practical, to attempt to . 
■ limit algal growth by contrQlling-^he availability of carbon. lioweverVtp control the growth 
of heterotrophic microorganisms, jthe .removal of orgahic mattep as a nutrient is o'ccasionajly 
desirable. ' . ' • ,- ' • ' " • 

In chapters 7, 9, and 10, consideration was given to the bip.iogical method seised, in removing' 
soluble organic matter N^from wastewater. In chapter 12,' PC methods were disbussed. 
However, it is often necessary to rUove or;reduce to^ trace amounts the dissolved organics . 
. remaining after conventional frUtmeTit methods- have been applied. Under these 
.. -circumstances, the final Stage of tl-6atment might employ activated carbpn'adsor'ption or 
ozonation. These processes are su table for's;pall treatment systems (see- chapter 12). ff^ 
ozone is -used,, the. effluent should jbe checked for the presence ^f undesirable oxidation - 
products of certain organic materials such as phenols, detergents, an^ organic acicis (15) i, 

■• J - ■ • ■ i ■ • ■ ■ ' ■ \ ■ ■•• r 

73.5 Removal of Soluble Inorgariiqs ► ; \ 

• Occasionally, a designer finds it. delirable to remove soluble inorganic compounds, Which- 
may occur in excessive concentrations^. If land disposal, of treated wastewater becomes a 
widely accepted practice, "it "may be necessary to limit the amounts ofcertaHi of th'ese. 
materials in the effluent. ■ . • - • ' 

A study .bf the chemistrj*of the methls reveals'thift^ in general, mosj metals can be oxidized 
. br reduced to a form in )y1iich ^hey^rLay be precipitated as the hydroxide of the metal (e.g;, 



mercury is precipitated aS the sulQde) 
by reverse osmosis or ion-exchange tec 
of - the metals or regenerate chemicals 
more difficult problem is the. reductic 
Ion exchange and reverse osmosis art 



Most of the metals may be removed from wastewater 
hniques. These methods create concentrated solutions 
which re.guire further treatment prior to disposal A 
n of the resultirxg sulfate and chlbrlde cqncentrations,. 
again the two most likely processes, but economic^ 
tb only the most critical needs. 



would probably limit their application 

Excessive chlorides and sulfates in ^UTjJcipal waste usually, occur as a result of ground-water 
infiltration; use of salt water for nushi|ng, or a substantial-industrial waste discharge. At the. 
:__4ireseraU4me^ther^are-o^ 



xeducing thjs- chlorides and sulfates in its effluent: revers^ oismosi^ land distillation; reverse 
osmosis is the prefe/red method. .Deioni«ati6n, using ion exchan|e reskis, is employed by % 
'ii)dpstry, b,ut is considered impractical for municipaKuse because of the cost and disposal 
prdblems involved with spent regen'ferarits. / 1 ' ■ ' - * ^ , 

■"■ ■ , ' ■ '!• ■ ^' ■ ' ■' 
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CHAPTER '14 
sludge! AND PROCESS SIDESTREWM 



HANDLING 



I4.r Background 



14.1 .1 Introduction 



The UvS. EPA recently published Process Design Manuals on sludge treatment and disposal 
'(1) and upgrading wastewater treatment pla^nts (2); a« tejchnical report on municipal waste- 
water ' treatment-plant sludge and liquid sidestream^ (3) is at press. Three U.S. EPA 
publications on sludge processing and several WPCF Manuals of Practice are directed to the 
design of all sizes of treatment facilities^ This chapter pj/escnis those kludge processing design 
factors which are applicable to small domestic^ wastewater treatment works or are not 
covered in detail in references (1), (2), (3),€nd (4). Recently published books on sludge 
incliXderTreatm'ent and Disposal of Wastewater Sludges (5).^ 

General requirements for installation, replacement, repair, operation, and maintenance of 
^piping, fittings, equipment, and fapilities foj sludge handling are described iii- Section 2.14. 

For small plants, which normally will use biological processes^roceeding^well into tlie 
endogenous respiration stage, the volume of sludge produced will usually range from 0.3 to 
0.7 percent of the volume of wastewater treated. Using extended aeration, instead of high 
rate activated sludge, will reduce the dry solids to be processed in sludge handling facilities 
by about 40 to 60 percent. - • ; 

\ ' . • - ■ • ■ 1 ■ 

There are several processes for sludge.treatment and dispofeal^ utilized at wastewater treat- 
ment works larg^ than 1 mgd in size. These processes are usually not economical, or their 
operation is not sifrTpl4s£n?^sh, for smaller works. They include filter presses, incineration, 
heat conditioning and weT^fisPxidation. Only when a plant approaches 1 mgd'in size, or 
when special conditions exist, ar^ the anaerobic digestion, vacuum or belt filtration, and 
centrifugation processes feasible. 

Sludge trSatmeiit is usually mjaimized, if sufficient Jand isi available, by using -ponds; in 
which the slud^i is treated and onl^remoye'd^every 3 to 10 years. The treatment problem is 
also minimized if extehded aeration or oxidation ditches are |.ised, becajusethe sludge solids- 
' undergo endogenous respiration, reducing the weight of dry volatile solids to-be treated. 

jlWhenever sludge is handled, extra care must be taken to prevent nuisance leVel emissions of 
odors. The allowable level, of cour'sej is generally higher in rbral areas than in urban areas. 
The nuisance level odor that will cause the operator to^ avoid the sludge processing area 
is relatively lo\\: for* most operators. Therefore, to insure careful, regular inspection or 
monitoring and^maintenance of the sludge processing facili'ties, it is very important that, 
odor prevention and control bfe strongly considered, in -theij* design. Some types of sludge' 
processing, such as aerobic digestion (or lime treatment) and wet sludge land disposal, and 



; sand befl devvatering and dry sludge landfill, are less prone to odorous conditions than other 

• alternative? at snjallef plants. Prevention and control of odors are discussed in Section 2.6 
. and in referfenge (6). . , - - 

/ . ;■ . ■ . ^ . ■ ..■ * ■ ♦ . 

\ 14.1.2 Descriptions of Terms ^ ' 

. .. . • • •■ 

Although many of the terms in this chapter are commonly used-by experienced engineers, 
in some publications the descriptions of certain processes'^ are not consistent with general 
usage. A few important descriptions of terms fror^reference (3) are presented below. A 
more complete^compiiation of definitions can be fmind in the joint APHA, ASCE, AWWA, 
^ndVtPCF Glossary - Watey and WCiste\vater Control Engineering 

Centrate ^ ./ 

• Centrate is tfie liquid* extracted from a sludge in a centrifuge, used -either for thickening or 
dewatering.. Its composition depends on the physical^ and/or chemical treatment ^f the 
Sludge, the* centrifugal force us^d in the unit, and the design of the centrifuge^ 

Conditioning ^ ^ 

Tovrelease liquid from sludges tiliat are flocculent or of the hydroxide type,iit is usually 
necessary to treat them with various' chemicals, to subject them to some drastic physical 
conditions- (such as heat or cold), or tp process them biologically. These processes are- 
referred to as "conditioning,^' and may be necessary to accomplish the desired thickening or 
deWatering. . . , 

... ... ■•■ ' . ( 

Decafitate ' > 

Various sludges ^-are thickened in gravity-type thickeners before proce^^ing. The overflow 
from such units is sometimes referred to as "decant liquid" or "dekfantate". 

■' * ■ ■ *' - 

Dewatering * . - " 

Dewatefring is the removal of a sufficient ambunt of additional liquid, so .that the thickened 
shidge attains properties of a solid; i.e., it. can be shoveled, conveyed on a sloping belt, and 
"handled by typical solids handling methods! Although there are soriie methods for final 
disposal of thickened sludges, many final disposal methods require that the thickened sludge 
be further dewatered. Dewatered sludgy is usally in the form of a "cake," such as. that 
produced by a centrifuge, sane} drying bej, on vacuum filter. 

Filter Backwash ' . • ' ' 

Filter backwash is the water resulting from backwashing and removing solids retained'by a 
grariulprlTigtiia filter. Various types of granular media filters are used to remove physically 
mogf of the suspended solds '(SS) from settled effluents. These filter? are periodically 
b/ckwashed to remove the accumulated solids. Therefore,, the backwash water contains SS 
at concentrations that may vary from a few hundred to several thousand milligrams per liter 
_/mg/l). ■ 

Filtrates . ' " * ' • 

If sludges are dewatered on vacuum filters, filter presses, or other devices in which the liquid 
is separated from the solids by a differential -force i^cross a porous fabric or screen, the " 



. extracted liquid is referred 'to as "filtrate." Its characteristics depend on th^idijuifeQ!, 
/ conditioning rrlethods used, the chemicals'applied, the^charactef of the filtering media, and 
the type of sludge beins processed. . .4 

' ■ , : vN , ■■ • . ..^ ■. ■ . • • ' 

Final Disposal ^ " - 

Sludge, either thickened, dewatered, biologically or chemically altered, or reduced to ash by 

-sincineration, must be" returned to the environment. This final disposal must have minimal 
detrimental effect, Tf any, on the environment Final disposal will usually utilize the land^or,^ 
in some cases, the air of the ocean. Also, in some instances, the end product, resulting from 

: any of several treatment steps (described later in this report), can be reused by recycling 
back to some other treatment process, whfere it~ will produce no adverse effects and can 
possibly havq some economic value.. 

" Liquid Skimmings . 

-Muc\i of the material skimmed from* primary ClarifierS«\and -final clarifiers is liquid, such as 
oil or'vyater, with floating grease and othendebris. It must be disposed of properly and with 
, a minimal amount of nuisance and odors. Typically, it is hartdled with the waste sludge from 
' the primary clarifier^ ' * ; ; \ 

Process Sidestrearh. or Recycle ' ' 

Processes used to prepare slu,dge for final dispiosal generally result in the formation of a ' 
liquid requiring further treatment. Such liquids include supftmatant,' decantate, centrate, 
and filtrate. The solids in these sidestreams sometimes can be recycled directly back to the 
main process line, of flow. Often, however, these liquids are very concentrated and will upset 
normal processes if . they are n^t first given special treatment before being recycled. Some 
wtistewater treatment processes also produce p(5lluted sidestreams, such as filter backwash 

;and screen wash water, which may be recycled without further ^ocessirig. 

" ' ' . ■ - ■ • • • ■ ■ ■ ■ • ■ • ^ ^> ■ ' 

Sand Bed Drainage » ' , 

Sand bed drainage is the liquid that drains out of sludge applied to sand beds for dewatering. 
These beds usually have underdrain systems that carry the liquid to a point where it can be 
properly handled for disposal. This liquid may have a high concentration of soluble organic 
matter, nitrogen, phosphorus, and heavy metals.v . : • ■ 

Screen Wash Water . / 

A variety of screens can be used to remove either small or large SS. Most of these screens are 
cleaned by physical or hydraulic means. The wash wate^;S) from* hydraulic cleaning may / 
contain fairly high concentrations of SS." These Ayash waters aire usually returned to the main 
b . treatment plant flow, upstream of the sqreen. / ' r^;,. r / , . 

• ■ ■ , ■ ,■ ■ . . . ■ . . . ' '. * ■, '■ * . • ■ 

g Septage , , 

Sludge from household septic tanks, which has been partially "stabilized anaerobicially , is 
. • '■ • commonly called "septage." Septage is usually delivered to wastewater treatment plants in 
1 ,000-gallon loads in frequencies that may vary seasonally! Normally, septage is added to 
the raw wastewater in batches, or in a continudous manner.if a holding tank is available. At a 
few locations, septage has been added^irectly to the sludge processing stream, ahead of the, 
conditioning step. 
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f ^ Stuige Treatment ^ r " 

Sludge, treatment prepares the sludge for final disposal, , or return to the environmen,t,Vith'' 
minimal detrimental effect. \ ^ r ' . • 

Supernatant ■ * * ^ 

Supernatant is the liquid decanted from an anaerobic or aerobic digester. In tiomestic waste- 
water treatment works, this liquid may have a high . concentration of suspended and' 
dissolved organic matter; inorganics such as ammonium compounds- phosphates,, and heavy 
metals; and various pathogens. * ' > ^ 

' . • ...» ■;' --^ . •• ^ 

, Thickening . ; ^ ^? -> . 

Many sludges produced, by treatment processes- are extremely diluted. The process of 
thickening is e*mployed as a final step in the sludge processing sequence, to reduqe the 
volume of slOdge and the^size and cost of the 'subseq^uenl sludge processing equipment. 

J .14.13 Quantities and Characteristics . ' 

Two principal characteristics that must , be known about any raw' sludge are^the sludge/ 
volume ancTthe solids concentration. With this information and. knowledge of the physical 
and chemical characteristics' of \he solids, a decision can be made as to w Wat type of 
- treatment processing is required before disposal. Average quantities of sludges produced by* 
various-treatment methods are listed in Table 14-1 .'Characteristics of various sidestreams 
resulting from the treatmeht of sludge^are listed in Table 14-2 (3). v ' 

The valuqs given in Table 14-1 are .for a domestic wastewater having an average BOD5 and 
SS of about 300 :mg/L and 250-mg/l , respectively. The volume of sludge' from any treat- 
ment process is,, of course, related to the solids concentration. The vohime of the , wet solids 
can be significantly reduced, by various sludge treatmeht methods, including thickening)and 
dewatering. ^ ^- ■ * 

* ■ ■ .',.%"»• 

14.2 Tl;iickening . 

• . ; ■ ■■ - ' ■ . ' / : . . 

Sludge solids are either originally suspended In wastewater or are generated by. chemical 
precipitation or by growth of biological organisms. Removal of such s61ids, at least ih regard 
to domestic wastewaters, is normally accomplished , in relatively guiescent basins, which 
allow the solids to settle out by.gravity. Simultaneously with clarification, some-tJiickening 
of settled sludge frequently takes plac^: , ' 

Before /urther processing, .frequently niore thickening is required than can be attained by' 
gravity settling (8). This is especially true of the hydfoxide-type^sludges; generated by somQ 
chemical coagulants,- and of waste activated sludge. The settled solids thicken with time 
and/or'by the aid of some slow-stirring mechanical devices, such as pickets or scraper arms. 
The latter devices mechanically break up the agglomerated solid particles and release the 
liquid entrained qr enmeshed in them. This process is referred to as gravity thickening. 



TABLE 14-1 ' V/ 
AVERAGE QUANTITIES OF SLUDGE S 



-TREATMENT PROCESS 



SLUDGE VOLUME Dg^Y SOLIDS IN SLUDGE 



Gal/Million 

Gal of 
Wastewater 



Primary Sedimentation . , 

^ Raw / 2,000-3,000 

Separate Anaerobic Digestion ^ 1 ,000- 1 ,500 
Digested and Dewatered (Sand Beds) .300-450 
Digested and Dewatered (Vacuum Filters) 225-350. 

Trickling FUter^ ' 



.Aj^/pillioii ,\ • 
' dalof ' 
Wastewater Percent 



1,000 

.7,50 



4-6 



7M'^V^ 40 



7§0 



27.5 



' Low Loading 


1,000-3,000 


450. 


4-6 


High Loading 


2,000-3,000 


750 


2-5 


Activated Sludge ^jj^ 


« ■ 






High Rate . \ 


14,000-19,000 


900-1,900 


.0.8-1.2 


Normal Loading 


8,500-13,000 


700-1,600 


1.0-1.5 


Extended Aeration 


■ 3,300-7,000 • 


400-1,200 


, 1.5-2.0 


Extended Aeration (Vacuum Filters). 


300-700 


2,250" 


•20 


Primary Sedimentation and Activated 








Sludge Mixed 

- • .' . . ■ ^ . 








Raw 


7,000 


2,300 


1.5-3.0 


Raw (Vacuum Filter) 


r^" 1,400 . 


2,300 . 


20 


Separate Anaerobic Digestio# 


2,700 


1,400 


■ 6 


Digested (Sand Beds). 


1,350 


1,400 


40 


Digested (Vacuum Filters) 


900 


1,400 


20 



TABLET 4-1 (continued) 

.r 

AVERAGE, QUANTITIES OF SLUDGE 



SLUDGE VOLUME DRY SOLIDS IN SLUDGE 



TREATMENT PROCESS 
Glhemical Precipitation of Phosphorus^ 

With Lime 
With Alum 
. With Iron ^ait • : 



Gal/Million 

Gal of 
Wastewater 



6,000-14,000 
10,000-30,000 
10,000-25,000 



Lb/Million 

Gal of 
Wastewater Percen^t 



3,000-10,000 6-10 
600-2,500 0.5-1.5 
800-3,000 1.0-15 



1 Lower figures apply if primary settling is provided, and the higher figures are for plants not 
using primary settling. 

.2Assuming soluble phosphorus presen^as P, is 10 mg/1 and is reduced to l.;ng/l ; alkalinity 
is 250 nig/l. 

NOTE: lib/106gal = 0.12mg/l ' 
.1 gal/106 gal = 1 ml/m3 . 



r 
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TABLE J4-2 



CHARACTERISTICS OF VARIOUS SIDESTRE AMS 
/PRIMARY AN|) ACTIVATED SLUDGE TREATMENT PLANTS (3) 



Type ofSidestfea 



BOD5 COD SS NH3 (Soluble) Average Vol. . 

mg/1 mg/1 mg/1 mg/1 mg/1 %Treated, 

Wastewater 



Remarks 



Aerobic l3igester Supernatant 



1,000- 3,000- 3,000- . ' 400- 300- ' 0.50-1.0 Odorous. SS not too settleable. 





8,000 


15,000 


10,000 

1 


1,000 


700 

< ■ 






Aerobic Digester Supernatant 


50- 


200- 


200- 


Very 


25- 


0.50-1 ;0 


High in nitrates. 




' 500 ■ 


.2,000 


3,000 


, low 


200 




D "... » 


Sludge Thickener Overflow 


.1')/ 

.50-J 


'100- 


100- ; 


25- 


20- 


2-3 


May be septic. Solids hot 


(Gravity) • 


i,oooT 


2,000 


1,000 


100 


50 




settleable.- 


Sludge Thickener Subnatant 


25- 


50-^ 


w 

25- 


Low 


Low 


2-3 


Only waste activated sludge 


(Flotation) 


500 


200 


500 








.handled. Polymer used, .. 


Raw Sludge Centrate or Filtrate 


500- 


1,000- 


: 500- 


25-,. 


■ 20- 


0.50-0.75 


Included pridaiy and Waste 


(Chemical Conditioning)! 


1,000 


2,000 


1,000 


100 


50, 




activated. 



Centrate or Filtrate 
'(Lime + Fe Conditioning)^' 



50,0-1,000- 5100- 400- Low -0.50-0.75 Anaerobic digested sludge. 
5,000 10,000 ' 5,000- lil6o ',: . 



Centrate or Filtrate 
(lime + Fe Conditioning)/ 



50- ' 100- 100- 
200 1,000 iM 



0,50-0.75 Aerobic digested, sludge. 



TABLE 14-2 (continued) . 

' CHARACTERISTICS OF VARIOUS SIDESTREAMS 
PRIM|^RY AND ACTIVATED SLUDGE TREATMENT PLANTS (3) 



Type.ofSidestream 



/ 



■BOD5 _C0D SS NH3 . (SoIubre) . Average Vol 



nig/1 mg/1 



m^/T '- mg/1 % Treated 

..-.r?^. Wastewater 



'Remarks 



Centrate or Filtrate 
(Polymer Conditioning)^ 

Centrate or Filtrate ^ 
(Polymer Conditioning) 1 ^ 

Centrate or Filtrate 

(Heat Conditioning, Including 

Decant Liquor)! 



500- 1,000- 500- , 400- ■ 300- ' 0.50-0.75 Anaerobic drfPSi'ed sludge 
5.000 .10,000. ^j^O ...1,000. 700 ' ' 



50-^ 



ioo,w'^<Pjoo-^ 



;ooo 



20^^, J, 000 H^l 



10.000 ■■25,000 

' :\"' 



3,000 



25- 0.50-0.75 Aerobic dige'sted sludge 
20p 



3,000- . Jp,000- 1,000- 500- ""150- 



700 200 




1 .0- 1 .5 ■ Uniiwsted primary'and waste 
activated sludge. 



'Elutriate (After Anaerobic Digestion) 500- 1 ,000- ' l .OOO- 
" . ■ 3,000. 7,000.- 7,000 



Filter Backwash . 



500- , 1 ,000- 300- 
1,000 3,000 1,500 



250-' I'SO- 
400 300 

25- 10- 



35 



15 



1.5-2.5 SS are colloidal. Not settleable; 



2.0-5.0 Secondary effluent polishing. ' 



^Type of sludge handled indicated under Remarks. ' 



The technical and economic significance of sludge thickening is not always; apparent or 
appreciated. Howevei:, the volume depends on the concentration of solids in the liquid. For 
example, a sludge With 9.8 percent^ ni'oisture has twice the volume of the same sludge 
thickened t6^96 pfercent moisture and, thus, would 'require twice the capacity in the hexit 
treatment processing unit unless some of the liquid is removed. ^ - 

14.2.1 Gravity Thickening ^ . 

■ ■. . '-^ , ' ' ■ • '' ' 

Gravity thickening (although the most commonly used ^method at small plants and the least 
expensive thickening method) is often troubled with odor problems, particularly at 
temperatures above 77° F (25° C) or overflow rates less than 40jb/ft2/day (195..kg/m2 -d), 
unless odor prevention ^nd control are designed;.into the facility. Gravity thickening is 
sometimes inefficient" for increasing the solids concentration of excess activated sludge (1). 

The design basis fa^' sludge thickeners is usually the solids loading, expressed in pounds of 
solids" per square foot per day. The loadings^ shown in table 14-5 can be used for sizing 
gravity thickeners at small plants (2>.<3) (9). - - 



TABLE 14-3 



GRAVITY THICKENER LOADINGS 



Type of Sludge 


Influent Sludge / 


Thickened Sludge . 


Loading 




^ ■ ■ . ■ 
percent solids 


percent solids 


!b/ft2/dayJ 


Primary J - 




4-6 ^ 


'.7-10 


20-30 


Trickling Filter 




'2^ . ' 


5-7 


10-1.2 


Waste Activated 




0.8-2.0 


2-3,5 


4-6- 


xi^rimary Plus Activated 




1.5-3 


■ 4-6 


' . 10-12 


;;:Primary With Alum 




0.5-1.0 


1.5-2.0 


5-9 


Primary With Iron / 


• 




6-8 


. 12t|8 


Primary With Lime 




6-10 


10-18 


20-40 . 



Mb/ft2/day = 4.9 Ifg/m^-d' 



Gravity thickeningC^an be separated into four activities, which take place in, roughly, four 



zones. These activities are clarificatior; 



, hindered but constant settling rate, transition with 



-. I-: 

/ 



/ 



ERIC 



decreasing* setting rate', and compression. Tjjey are described in Section 6A1 and references 
(2) and (lO)Ynd are shown on Figure 6-3, t 

■ Although tye ^hickener is sized for the average design losing, it must b'e capable of * 
adequately •thick^^^^^^ the . peak loading, taking into consideration the sludge storage . 
capabilities in othei- parts of thf solids hand ling .system. Normally, sufficient- total storage . 
should.be provid^ecl^for the maximum. 3-day plant solids loadijig (2); " * . \ 

The details of designing gravity thickeners are contained in references (1 ),.(2), (3), (4), and 

Thickenmg of flocculated sludges, such" as activated and chemical sludges, is aided 
considerably by/the installation of^ pickets on 4he:scraper'arms, as sHown in Figure 14-1. ■ 
These pickets mky consist of angle-shaped, structural steel vertical arms; ipstalled so that V 
the apex of the, angle is in the direction of motion. Generally, gravity thickening of all types ' 
of . sludges is a^ed by use of such, pickets, because they prevent bridging of floe particles. 
Also,' if gas formation begins because, of septic conditions, they aid in releasing gas bubbles .. 
from the sludge layer. _ ' ^ . , ' ' . " 

14.2.2 Flotation y - 

The flotation method (see Figur?14-2j used for thickening sludge is known as d issolved -air 
flotation: In dissolyed-air flptation, the influent wastes are mixed, with a portion of recycled 
final effluent, whicK has been pressurized to 40 to 6Q psi (276 to 414 kPa). The pressure is \ 
released at the-mixing point, immediately followed by the, discharge of combined sludge and 
pressurized effluent into the thickener. The air comes out of solution in the formrof ' 
bubbles. These bubbles attach themselves to the SS of the influent sludge and noat them to 
the surface, where they are removed in the form of thick, scum (11). This method of . • * 
thickening is rarely used at small plants,' because Continuous operator attention is generally 
required, r y. . * 

Detailed information on.air flotation can be found in references (1), (2),.(3), (4), and (10). 

14.2.3 Centrifugation . ; 5 

Two types of centrifuges are used for sludge thickening. The disk nozzle centrifuge is used 
for waste activated sludge, if no primary solids are mixed' in (i.e., if the activated sludge 
process is preceded by primary clarification), producing a thickened sludge composed of. . 
about 4 to 7 percent solids. The basket type is used for thickening both waste activated . 
sludge and' mixtures of activated and primary sludge, producing a thickened sludge 
.composed of about 9 to 10 percent'' solids. The basket-type "centrifuge is primarily a batch, 
unit, compared with the disk-nozzle type, which- runs on a continuous flow basis. However, 
the baskQt-ceqtrifuge can .be highly automated, so that' manual attention is not required ' 

between batches. More information on centrifugation is presented in references (1) (2) (3) 
(4), and (10). ' ' ' 
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14.3 Stabilization ( ^. 

Stabilization is -designed to make the organic or volatile portion of sludge less putrescible 
and the treated sludge less* odorous for final disposal. The^stabilization processes best suited 
for use at small plants are aerobic digestion, lime treatment, and anaerobic digestion* These 
three processes are described briefly below and . in 'much more detail in references (1), (2), 
(3), (4), (10), (12), and (13). 

t • ■ ■ , 

«\ - 14.3.1 Aerobic Digestion ' : . 

. ■ . . ■ ^ ■ ' ■ ■ ' • ■ 

Aerobic 4ige3tion is frequently u^ed at small treatment plants, particularly package-type 
activated sludge plants. The process consists of aerating sludge in uncovered and unheated 
tanks having a depth of 10 to 20 ft (3" to 6 m). The principal operating cost is in the power 
\ required to supply the necessary oxygen and to keep the basin eontents properly tnixed. 
< If the dissolved oxygen content is maintained above 1 mg/1, the process produces no 
significant odors, and there are no haz;ardous gases generated. A sdiematic diagram of the 
aerobic digestion process is shown in Figure 14-3, andjn Figure, 144, a typical digester. 

. Thfe advantages, and disadvantages of using aerobic digestion in heu of, other stabilization 
processes (1) are: " ' ^ 



.Advantages: 



t • 



l^>;5r^e^^ ■ ' 

2. Requires a small capital expenditure compared with anaerobic digestion. 

3. Does.^not generate significant odors. ^ 

4., Reduces the number of pathogenic organisms to a low level. 
"5. deduces the quantity of grease or hexane solubles. 
>.'6. Produces a supen^atant that, if clarified,, is low in BOD, solids, and total 
phbsphdrus (P). 
7. V Reduces the sludge respiratidn rate. 



Disadvantages: ' 



1 . Relatively high operating cost. 

2. Relatively large energy user. 

3. Uncertain design criteria. 



If excess activated sludge is niaintained at 68'' F (2fi° C) or above, at a detention time of ^()^ , 
to 12 days and with a DO concentration of 1 to 2 rt^/1 , the reduction of volatile solids will 
be about. 30 to 50 percent. (Add about 5 days idetention time if the sludge is primary or * 
mixed activated and primary.) The amount of volatile solids reduced is not as*large as with \ 
aiiaerobic digestion; however, the sludge is sufficiently stable for relatively odorless dewater- 
ing oh sand beds and for disposal on land or in a landfill. If the sludge temperature drops to • 
50"" F (lO"" C), the retention time sl^ould be increased to 20 days. If it goes dow^to 41"* F 
(5° C)^ the time should be 30 day^s, if at least 30 percent reduction of the volatile solids is 
sought. ' ' . V . . . 
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Sludge Sent to an aerobic digester with concentrations higher than 3 percent is difficult to 
mix and to obtain proper oxygenation in all portions of, the basing especially with 
compressed air ^and diffusers. Surface-type mechanical aerators can be used if'.the basin 
depth is about 10 to 12 ft (3 to 3.6 m) ; a draft tube can be used for deeper basins. At least 4 
ft (1 .2 m) of freeboard above the maximum operating depth is necessary to contain possible, 
foaming (4). These types of aerators are not -recommended for aerobic digesters located in 
freezing clijnates, because they dissipate an excessive amount of heat' froni the basin 
contents. A- better aeration and mixing system for either warm or cold climates is a-sub- 
merged turbine, locateds^bout 2 ft (0.6 m) above the basin bottom, with an air sparger 
below it, as shpwn in Figure 9-10/ The turbine produces excellent mixing of the digester-, 
contents ahd:di$perses the^jr so that all portions of the^sin have sufficient; DO. . 

Aeration equipment is usually sized to obtain sufficient mixing in'the digester. If mechanical 
. aeration equipment is used, there should be" 1.0. to 1.5/hp/l„000 ft^ (21 to 32 kW/m^) of 
basin volume. If diffused air is used, there should be at least 25 to 35 scfm of air supplied 
*per 1,000 ft^ (20 td 28 std m^ of air/m^/minj of basin volume. The higher values are for 
sludges having a combination of primary basin solids and waste activated sludge. 
.\ . ■ ■ 

The oxygen requirements for stabilization depend on the loading rate of volatile solids. This 
volatile solids loading rate will vary between 0:05 arid..0.15 lb VSS/ft^/day (0,8 to 2.4 
kg/m^-d) at 68° F (20° C) sludge temperature, y/ith lower loading rates for lower 
temperatures. Assuming that up.fe 50 percent of the solids will be oxidized, and that the 
nitrogen ;n the organic matter \yill be pxidized' to nitrates, the oxygen requirements will be 
approximately 2 times the rate oT.activated sludge volatile solids destroyed, and 1.6 to 1.9 
times the BOD5 of primary siudge'^ tO): * 

^Thec'pfl .in aerobic digesters tends to drop, depending on the alkalinity available in the 
liquid. This drop in pH is primarily caused by the loss of alkalinity, caused "by nitrifieatiori. 
There is a loss of about 7.2 mg/1 of alkalinity (expressed as calcium carbonate) for each mg/1 
of ammonia-nitrogen oxidized to hitrate. If the pH drops.below about 6.0, digestion may be 
retarded, ^ and the. addition of lime or. other alkali *may be required to raise the pH to 
between 7.0 and 7.5. However, extended aeration or oiydation ditch sludge, which is well 
nitrified, will have little effect on either pH or oxygen requirements. 

An aerobic digester system can operate on a batch or a continuous flow basis. If digested 
sludge is allowed to settle, the supernatant can.be recycled to the treatment plant. In a 
batch system, the aeration can be shut off for 2 to 5 hours without problems and the solids 
allowed to settle. The supernatant should be decanted from several feet below the surface, 
before more raw sludge is added and aeration started up again. * / . 

■ * ■ > 

If activated sludge alone is being digested', the solids will thicken by'' gravity to 2 to 3 percent 
by weight (if mixed with primary soHds, they should thicken to a higher percentage solids). 
In a continuous system, the digester should be follpwed by a settler/holder unit, whose 
hydraulic overflow rate shquld be less than about 100 to .150 gpd/ft2 (4.to 6 m^/xn^ d) 
(\4). Some means of. aeration and mixing may* be aeeded,Jf the sludge is to be held 
overnight for> further, processing, ' * , ' 



Th«,supernatant . from average aerobic digesters would have the characteris^cs shown in 
Table 1,4-4 if the digestion wece continued until the volatile solids were reduced by at least 
40 percent and quiescent settling conditions* were maintained for several hours before the 
supernatant was drawn off . . Supernatant from properly pperatihg aerobip digester? at 
municipal treatment plants caiv ordinarily be returned to the;aeration chamber without 
causing difficulties. \ . ' ' * 

■ ( ■ ^ • / . ■ . - ■ ■ - ■ . ' V ■ 

■ i TABLE 144 •\ " , ^ 

. CHARACTERISTICS OF^UPERNATANT FKOM AEROBIC DIGESTERS 



PH ' / ■ . 6.5-7.5I 

'B0b,mg/1 / 100-500 

COD,mg/l . \- - 200-1,500 

S.S, Oig/l ' A lOp-500 

Nit-rogen 'v , ' . ' ' 

' Ammonia, mg/1 ^\ . . ■ 0-10 ; * 

Nitrate, mg/1 * , \ ' 200-500 

Total phosphorus as P, mg/1 ' / 50-200 



I For air aeration, if wastewater alkalinity is above 250 mg/1. 

The volume of supernatant plus sludge liquor after dewatering will average ab^out. l to! 2 
percent 6f the wastewater flow. D^etailed information on the design of aerobic digestion 
systems is contained in references (1), (2), (3), (4), and (10), : " , - 

.14.3.2 Lime Treatment ' 

Land disposal of raw sludge that has not been stabilizjed is objectionable,- because the sludge 
contains a large quantity of pathogenic mircroorg^nisms. Adequate, anaerobic or aerobic 
digestion reduces the number of these organisms significantly. Raw sludge also decomposes 
rapidly, because of the. presence of readily . degradable volatile solids, with, resultant 
production of odors and other nuisance conditions. Adding lime to raw or digested sludges 
and raising the pH to between 11.0 to 1 1.5 reduces the number of pathogenic organisms 
(1) (15) (16). The. addition. of lime, with the resultant rise in pH, also suppresses rapid 
decomposition of the highly volatile solids, preventing odorous conditions if the sludge is 
disposed of in sufficiently thin layers on the -land or in a sapitary landfill. Lime-stabilized 
raw sludge dewaters well on sand beds without odor problems (1). Because lime treatment 
does not destroy organic, material, the pH eventually Jails and bacterial action slowly 
develops. However, if the pH is raised to between 12.2 to 12.4 aiid then kept above 1 1 for 
14 days, the sludge will be Stabilized (1). ' - . ^ ' 

A U.S. EPA sponsored ^study (17) indicated that the lime dosage required to keep the ptf 
above 1 1 for at least 14 days (in pounds of Ca(0H)2 per ton of dry sludge solids) is between. 



200 to 600 for septage and 600 toM,000 for bioiojgical sludge, Some testing should be 
performed to establish the dosage required. Reduced- lime dosages are possible, if the-liiTie- 
stabilized sludge is placed on the 'land or drying'beds in layers Ihin enqugh to allow drying 
under the prevailing ciimaticxohditions, before bacterial action can be fegenerated.' 

14,3.3 Anaerobic Dige^ion ^ . ( 

IrY anaerobic digestion,: the ''mo>c readily Biodegradab^ ^ofids are ccr'nverted to gases such as 
methane. (CH4), carbon di^^ in solution 

as the ammpnium ion at normal pH. f he'^^^ jn the digested sludge are generally 

reduced by 40 to 60;percent. With the incbminyib averaging 80 percent volatile m^atter, 
^ the result >yill be a.total solids reduction of 32 't^48. percent. The remaining solids are easier 
' to dewater anci do npt undergo rapid putrefaction 'if clisjposed of in sanitary landfills. 

. There, are two phases in the. anaerobic digestion process: In the first step, a wide variety of 
organisms called acid formers breaks' down. complex organics to volatile organic acids. In' the 
second' step, a special group of bacteria known as niethane fomiers breaks down the organic 
acids into CH4 and C02r These bacteria are strict anaerobes and are inhibited by the 
presence of any DO. The reproduction rate of methane formingArganisms.is very low, 
compared with other bacteria. For instance, their doubling time is abo\^ 4 days, while for* 
the acid formers it is only several hours. Thus, anaerobic digestion is controlled and (he rate 
is. limited by the methane formers. These organisms are also very sensitive to^p^/(typtimum 
is near . 7.0) and to a variety of substances, such as heavy metals, cHlorinated hyihrocarbons, 
and soluble sulfides. " 

Stabilization of the solids and significant reduction in BOD does not occur until the 
methane organisms become active. It may take several weeks after a digester is started up; 
and optimum conditions become established for this to occur. During this^period, the rapid 
production of organic acids may cause the pH to drop and thereby inhibit the development 
of methane bacteria. If this process occurs, it may be. necessary to add lime to adjust the pH. 
After equilibrium conditions between the acid formers and the methane bacteria become 
established, the pH is maintained near neutraL Alkalinity is produced, because the NH3 
reacts with the CO2 and forms ammonium carbonate, Good production pf CH4 gas means' 
that a digester is working properly. . ! 

There ,are two general types^of anaerobic digestion systems' in use: the older conventional 
system (without mixing), known as the low-tate system; and the completely mixed, 
high-rate system, in the low-rate system, sludge is added near the top^nd v^ithdrawn from . 
the bottom. Stratification develops with a' scum layer on top; a'supernatant with relatively 
low SS next; and active dfgesting layer'; and, firfally, a layer of settled and stabilized sludge 
on the bottom. Generally, only about one-half of the digester volume can be considered 
active. The low-rate system is no longer recommended for sludge processi^ng. • T/ . 

In the currently preferred high-rate system, the entire contents of the digester are' mixed. 
Thus, the entire volume is actively digesting and conditions are essentially uniform through- 



out the entire volume. There are two types of mixing systems commonly employed. In one 
type, a turbine is located in the upper part of the digester, with the turbine drive located on 
the roof of Jhe tank. Th'e turbine m^y be uriconfined or in a draft tube (Figure 14-5). The^ 
mixing* can . also be accomplished by compressing the gas generated ^during digestion and 
' diffusing it near the digester bottom, to secure a gas-lift pumping action (Figure 14^). 

The temperature in c^esters should be between 8.5- F (29° C) and 95° F (32° C). They are 
Heated by circulating sludge through an external heat exchaiiger, using water heated -in a 
boiler burning the CH4 ga$ generated by the digestion process. The boilers are equipped 
with burners, which can use either the CH4 gas or, as a standby, natural gas or oij if digester 
gas is riot^available; It is difficult to keeg a uniform temperature in a small dligestef in the 
winter, because lower temperatures tend to prevent reliable, continuous CH4 production. 

• .*•.. ' ■ . 

The design basis for mixed (high-rate) digesters includes two criteria. One is based on 
retention time and the other on solids loading. Theoretically, the retention time criterion" 
should be solids retention time; however, it has been customary to use hydraulic retention 
time. For completely mixed digesters,, the solids retention time is equal to the hydraulic 
retention time unless the outflow, solids are thickened and recycle, which is not usual 
practice. The detention time necessary for high rate mixed units should be about 10 to 20 
days. The higher figure is preferable because better separation of the solids from the liquid 
in the digester outflow is obtained. Digesters having very sl^rt retention tim6s (about 1^0 
days) usually are plagued with supernatarits haying, tdgh SS concentration and sludge that 
thickens poorly. , * . . 

. .■ I • ' ' . ' * , ' . «> ' • ■.- " . ■ ■ ' 

The solids loading criterion is 0.15 to 0.40 lb VSS/h^/day (2.4 to 6.4 kg/m^ -d) for mixed' 
(high-rate) units. . , " " ♦ * ^' . * 

With completely mixed digestion, it is' usual (and frec^^^^^required by regulatory 
agencies) to use two tanks in series. The first is refen-ed t.<^)ste/-^^ primary digester ,^he 
second, of equal size, as the secondary digester.' This latter ™V permits solids^ from the . 
primary unit to separate and settle under quiesqent conditions". 'Provision for gas storage is 
made in both tanks and, normally, the primary unit has a 'floating cover.- The liquid 
supernatant is drawn 6ff the second tank for treatment or repycling to the plant.. 
Frequently, the secqnd tank is equipped with mixing equipment iand can be; heated, 
similarly to the pnmary; uhit,':SO it can replace, the primary digester whe'n that unit is taken 
downlor mamteRance. Jt'cd^n also be equipped to act as a^^^^^^ . ; 

The gas production:ft-Qrn -digesters is estimated from thQ volatile solids loadirlg. The value 
used is 8 to 12 ft^ /lb (0,5 to 0.75 m3 /kg>^of volatile solids added. ^Digester ga? is abpu't 65 • 
percent CH4 and ^h^ about 650 Btu/ft^ (19.5 l^/m^). In.comparison, natural gas, wlJicH is 
nearly 100 percsiJt^H4, has about 1,000 Btu/ft^ (30 kJ/m^). ' 

Anaerobic digester supernatant' has a high concentration of pollutants and must be 
separately treated or recycled to the treatment plant. The method of harl^^g should 
minimize any/ 'degradation of the fin^ plant effluent quality. The ^sual rang? of 
concentrations of various pollutants for digesters processing mixtures of primary and 
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secondary sludges is given in Table^l4-5. The lower figures in the ranges can be expected 
with two-stage digestion at well-operated, smaller plants. \ - ■ 

' . TABLE 14-5 ' . .. ' 

CHARACTERISTICS OF ANAEROBIC DIGESTER SUPERNAT ANTS 



pH 

BOD.mg/l 
COD,mg/l 
SS.mg/l ' 

Ammonia-Nitrogen, mg/l 
Total Phosphorus as P, mg/ 1 



Primary and 


Primary and 


Trickling ^ 


Activated 


Filter Plants 


Sludge Plants 


6.9-7.1 ■ 


49-7. 1 


1,000-5,000 


2,000-7,000 


2,000-10,000 


4,000-12,000 


1,000-5,000 


3,000-10,000 


400-600 


400-1 ,000 


100-300 


: 300-700 



The volume of §upemaj^nt and liquor froni' sludge dewatering, such as the filtrate or cen- 
trate, with the above in'dicated concentration of pollutants, will average about I.O to 1.25 
percent of the volume of wastewater treated. The supernatant characteristics shown in. Table 
14-5 are for domestic wastewater. 

14.4 Dewatering , . ^ 

Dewatering' is the removal of a large portion of the entrained liquid in a sludge to facilitate 
its final disposal. Further information on this and other dspects of sludge processing can be 
foynd in reference (13). ' v • ' , .. 

14.4.1 : Sludge Conditioning^ ' ' 

For most dewatering operations, a sludge must be conditioned first. In general, condition- 
ing encompasses those processes involving biological, chemical, or physical treatment (or tlie 
combination of these) to 'make the separation of water from sludge easier. According to 
this definition, anaerobic and aerobic digestion are conditioning processes, in addition to 
being stabilization processes. However, digestion, does not provide sufficient conditioning 
to dewater the sludgy with mechanical equipment, although such sludges do dewater on 
sand beds. Small wastewater treatment plants generally employ stabilization and sand bed 
dewatering. Therefore, sludge conditioning is not treated comprehensively in this text. 

Raw and digester shidges can be conditioned chemically to facilitate dewatering. Drying 
time (and bed area) may be reduced by up to 50 percent (9). Such chemical treatment- 
breaks down the colloidal-gelatinous nature of wastewater sludge, so that the water can be 
separated more readily. The inorganic cheniicals most commonly used are ferric chloride or 
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alufh, combined with lime, with ferric chloride generally preferred/Ferric chloride or alum, 
without lime, does not prevent development of odors. A dosage of 1 lb of commercial alum per 
lOO gallons (1.2 kg/m^) of digested sludge has been used successfully (11). With raw sludge, 
lime should always be used if the sludge is to be disposed of on land or in a land fill, so thatthe 
pH can be raised to at least 1 1 . This addition of lime will accomplish some disil^fection, delay 
decomposition, and suppress odors. The u sual amount of ferric chloride is about 3 percent of 
the weight of dry solids being dewatered, and the lune dosage is about 10 percent of the dry 
solids. These dosages will, of course, vary with the types and- character of sludgd. Laboratory 
tests/such as the leaf test for vacuum filters, can be used to establish proper chemical do.sages. 
Some binding of the beds may result from excessive use of inorganic chemicals (9). If chemicals' 
are used, they should be mixed with the sludge immediately prior to application on the beds. 

Polymers can bemused for conditioning, and they hav.e the advantage of simplifying chemical 
handling systems. However, they are expensive and their use will not suppress odors or 
influence jthe decomposition rate if sludge is to be applied on land or in landfill. Therefore, 
they are not suitablejor use with raw sludges unless the sludge is to be incinerated; in which 
case, polymers will not add significant quantities of solids to the sludge (inbontrast to lime 
and ferric chloride conditioning). ' 

■ ' ■ ■ * ' ' ■■ ■ ' 

Heat treatment of. sludge accomplishes conditio ning and disinfection (10). This treatment is 
carried on in specially designed reactors, in which the temperatwe of the sludge is raised to 
about 350^ to 400° F^175° to 205° C) and is held for about 30 minutes at a pressure of' 
about 250 psi. Because of the complexity of the equipment and its high initial cost, this 
process is seldom feasible for small treatment plants. More information on the use of heat to 
condition sludge is contained in references (1 ), (3), and (4). t 

14.4.2 V Sand Beds 

At small treatment plants,, digested or conditioned raw sludges are usually dewatered on 
sand beds. Dewatering occurs by drainage and e^japoration. The moisture content is usually 
^ reduced to between about 40 and 75 percent on the beds (9). Normally, the drainage occurs 
* mostly in the first 2 days,, aft^r the sludge is 'pumped out on the bed^^The^l^rainage liquid is 
collected in an underdrain system and returned to the treatment plant. The drainage from 
sand beds, although it ^requires further treatment^ jusually will not require pretreatment . 
before being returned to the plant influent strujb^iire. If thfe sludge has been digested 
^aerobically, it may hav^ high concentrations of nitrates or phosphates. If the removal of the 
nitrogen or phosphorus from the plant effluent is d discharge permit requh-ement, the effect 
of recycling the sand bed drainage should be carefully considered. After the first 2 days, 
most of the dewatering takes place by evapor^rtion, causing shrinkage horizontally and 
opening vertical cracks, enhancing the evaporation and allowing some additional drainage. 

For details of sand bed design, references (1), (3), and (4) and especially (9) should^be 
consulted. The nature of the sludge and climatk conditions determine the requked area of 
sludge drying beds. Lime stabilization and sand bed dewatering, for handling peak sludge 
loads during emergency periods, should be considered in the design studies of new or up- 
graded facilities. ^ 
: ■ . ■ " ■ ' ■ • ■ ' ' V ' / . ■ 
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The sand bed areas required for drying domestic wastewater sludges are listed in Table 14-6. 



TABLE 14-6 



CRITERIA FOR THE DESIGN OF SANDBEDS (1) (3) (9) 



Type of ^fedge 



Primary 

Primary and Standard Trickling Filter 
Primary and Activated 
Primary and Chemically Precipitated 
Digested Raw (Lime Treated) Sludge 



Area^ Sludge Loading Dry Solids 

ft2/capita ' . :lb/ft2/yr 

1 .0-1 .5 27.5 > 

L3-1.7 . ^ 22.0 . ' . 

2.0-3.0 ■ 15.0 

1.8-2.2 22:0 ^ 

2.0-2.5 ^ .20.0 



^The actual area required should be based on laboratory tests of typical sludge, taking 
jjpxpected climatic conditions into account. 



If the sand beds are covered, the area can be reduced 25 to 35 percent; however, covering is 
excessively costly (1). In the southern U.S., smaller areas can be used. Dewatering raw 
sludge on sapd-beds is not recommended unless the sludge has been conditioned with lime at 
a pH above 1 1 , because of j|?oor drying conditions. . ^ , 

The beds are constructed by laying drainage tiles" about 8 to 10 ft (2.4 to 3.0 m) apart on an 
impervious layer of soil or ort an artifical material, such as asphalt. A layer of graded^gravel 
is then placed to a depth of 6 to 12 in. (0.15 to 0.30 m) above the top of the tiles, with the 
top 3 in. consisting of 1/8- to 1/4-in. (3^^o 6 mm) gravel. On to^ of the gravel is a 10- to 
18-in. (0.25 to 0.45 m) layer of sand, having an effective size between 0.30 'and 1.20' mm 
and a unifomiity coefficient of less than 5.0. , 

Beds are usually 15 to 25 ft (4.5 to 7.5 m) wide and sufficiently long to provide the area 
needed for a digester drawdown or other single bed loading. Usually, one sludge discharge 
pipe per sarid bed is sufficient. If^ the sludge is thick, multiple discharge pipes should be 
provided^ especially on large sand becjs, so that the sludge can:be distributed properly. Each 
discharge pipe should terminate at least 12 in. (0,3 m) above the bed surface. Splash plates 
should be provided at the pipe ends to promote even distribution and prevent sand 
disruption. A dosing depth of 8 to 12 in. (0.2 to 0.3 m) of sludge is usually employed, with 
the optimum depth varying at each location, depending on prevailing weather conditions. 

there should be at least three beds, to^ provide flexibility in operation.. The number of bed 
applications of Sludge per year will, of 'course^ depend on climatic conditions and the sand 
bed area. Usually, 6 to 10 applications per year are possible, depending on the dryness of 
dewatered sludge cake required for the selected type of disposal- the length of the drying 
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season, and th^ humidity patterns, The cjiried sludge cake is usually removed manually in 
smaller plaftts. The sludge can be transferred to trucks by building a pair of concrete runway 
strips along the center of the beds. • , 

Aftei the dried sludge^ is removed by hand (using forks) or by machine, the drying beds 
require maintenance. Small sludge particles arid weeds should be removed from the sand 
surface. Periodically, the bed should be disked and the top layer of sand replaced. Usually , 
resanding is ^visable when 50 percent of the original sand depth is lost, or when the sand 
depth is down to 8 in. (0.2 m). Resurfacing sludge beds is perhaps the major expense in 
sludge bed maintenance. • > / 

Underdrains qccasionally become clogged and have to be cleaned. Valves or sluice g^tes^ 
controlling sludge flow to the beds^ must be kept watertight to prevent wet sludge from 
leaking onto the beds during drying periods. Drainage of lines should be provided. Lines 
with sludge in them should not be shut off until they are flushed out. Partitions between 
sand beds should be so tight that the sludge will not flow from one compartment to 
another, especially if the sand surface is taken down too low. The buter walls or banksv 
around the beds also should be watertight. Grass and other vegetation on brinks should be 
kept cut. 

' Y • • ....... /• ■ ■ 

14.4.3 Belt Filters ; . \ ' 

These units appear to be well suited to the smaller plant. A belt, filter is a continuously 
moying, horizontal, porous belt, onto wh|ph the conditioned sludge is discharged. After the 
sludge has been distributed,, an impervious belt (also continuous) 'is pressed' down on the 
sludge layer by rollers, thus squeezing the water out. With primary and activated sludge 
having 0.5 to 1 .0 percent solids, a cake of 18 to 25 percent solids has been obtained (18). 
Several designs of these units are available at present (19) (20) (21) (22) (23). 

14 A A Vacuum Filters • 

■ ' 

Mechanical dewatering will usually not be economical for smaller plants, although it should 
be^nsidered and evaluated in certap cases for plants about 0.5 to 1.0 mgd in size. The 
most common mechanical dewatering device is the rotary vacuum filter, of which two types 
are available: the drum type, having a fabric attached completely around the drum 
.periphery; and the belt type, having'stainless steel coils or cloth belts, which leave the drum 
periphery at one point in its rotation. Filtrate quality depends on the sludge conditioning 
process that precedes the flitter. 

The solids loading that can be applied to a fiher is very much dependent on the solids 
concentration in the feed. Digested primary sludge, composed of 7 to 9 percent solids, can . 
be handled at a loading of 4 to 8 Ib/ft^/hr (20 to 40 kg/xrfi -h), resulting in a cake that is 
20 tg'28 percent solids. A mixture of primary and activated sludge, composed of about 4 
percent solids, can be handled af a loading of 4 to 5 Ib/ft^/hr (20 to 25 kg/m^ -h), resulting 
in a cake that . is 18 to 24 percent solids. If thcj^onditioning process uses inorganic chemicals, 
the resulting inorganic solids must be included in calculating the loading r^tes. 

' . . . ■ ■ ^. - ■ ■ , 
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The important auxiliary* equipmeiit needed with a vacuum ' filter are: sludge conditioning 
tank with'mixeir, sludge cake conveyoj,, vacuum pump, filtrate receiver, and pump. For 
waste activated sludge taken from an extended aeration plant, in which the sludge mpisture 
content is .about 99 , percent, a thickener and holding tank, would alsp be needed. A filter 
leaf test unit, with the same medium. as the actual filter, is essential for determining the 
optimum chemical dosage prior to application of the sludge on the filter. r 

^ 14.4.5 Centrifuges • 

These de^yatering units would not likely be . considered for*a 1-m^d (43.8 1/s) plant or 
smaller. The most commonly used dewatering centrifuge for wastewater sludges is the 
horizontal, solid-bowl unit. It operates on a continuous basis, receiving any pumpable sludge- 
For waste-activated and primary sludge, after conditioning with a polymer, a cake of 15 to 
25 percent solids can be produced. The solids capture of a centrifuge is not usually as good 
as that of vacuum or belt filters, but chemical conditioning can improve it significantly. 
When primary sludge is dewatered in a centrifuge, it should be degritted to a high degree to 
prevent excessive abrasion on the bowl. The chieif advantages of the centrifuge over a 
vacuum filter are the reduced space requirements and the minimal, exposure of the sludge to 
the atmosphere (which reduces odor nuisances). 

Another type of centrifuge being adapted to wastewater sludge dewatering is. the basket 
centrifuge, which is essentially a batch unit,. The basket centrifuge is able to obtain a drier 
cake. and a better quality centrate than fhe solid-bowl centrifuge because of improved solids 
capture. However, it is usually more expensive than the solid-bpwl unit. 

The quantity of SS in the centrate from the various types of centrifuges depends on the 
*type of unit used. Centrates from solid-bowl units have high SS,> up to 5,000 to 10,000 

■ . ■ ' ' ' . ■' . \ ■ 
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14.5 Sidestreams Produced 

Wastewater treatment plants produce various liquid sidestreams, most of which^ are 
generated in- the different sludge priocefisihg steps. The general characteristics of various 
sidestreams are listed in Table 14-2. Ih isectiQiis 14.3.1 and 14.3.3, the supernatants from 
aerobic and anaerobic sludge digesters were described* For digested sludges, the 
characteristics of t|ie liquor produced (such as filtrate or centrate) will depend on the 
chemical conditioning of the sludge before dewatering (refer to section 14.4 J). Thus, 
conditioning with lime and ferric chloride will precipitate phosphates invthe sludge liquoi;, 
and they will be retained in the sludge cake. However, the NH3 and any soluble BOD 
present will riot be affected arid wUl remain in the liquid sidestream. Conditioning with 
polymers will have no influence on the soluble pollutants in the liquor. 

.When ^aw, undigested sludge is processed, , the major pollutants are the SS and associated 
BOD. A gravity thickener overflow can have SS of from IQO to 1,000 mg/1 and BODs^^ 
in the range of 50 to 1,000 mg/1. The volume of such streams can be calculated from the ' 
difference in the solids content of the inflow and outflow sludge streams. It will normally 
average about 2 to 3 percent of the wastewater volume being treated. ^ 



It is important that all the pollutants that can affect the; quality of the final plant effluent 
. be identified in all recycled sidesti;eams. Then, the load, in pounds pbr day (kg/d), should, 
be calculated and added to the load coming into a process with the raw wastewater. In ' 
making cost-effectiveness analyses, the,,:^dditional plant capacity required to handle loads 
from the recycled streams is chargeable to the process that originates' those streams. The 
Bob and NH3 loads^ for example, from recycled anaerobic digester supernatants can add 
20 to 50 percent to the load in the incoming wastewater. . " 

. Soht sidestream's, sucji as those produced during tertiary treatment, can be produced from 
processes other than those associated with sludge processing. The majof'sidestream of this 
type is the backwash water from granular media filters or carbon columns. The principal ; 
pollutant in this sidestream is the SS. These siclestreams are produced at an instantaneous, 
rate equal to five to eight times the normal hydraulic loading' to the filters orxoluriihs. . 
For sriiall plants, in which there are only two or three sucl\ filters or columns in parallel, 
this backwash rate exceeds the plah^^nflpw rat-e*. Therefore, it is not practical to recycle 
such streams directly to the treatment plant. Such backwash jstreams can be discharged to 
holding, basins, with air or mechanic^*^ agitation to keep the SS in suspension, and then 
recycled back to the head of the plai]tor to a'point where coagulation and settling of the SS 
. will occur.. The average concentration of the SS will be 300 to 1,500 mg/1 and these back- 
• wash streams usually average 2 to 5 percent of the plant hydraulic inflow. 

. ■ ■ ' ■ ■ . ■ ' " * ' 

q14.6 Septage Handling - 

The handling of wastes pumped from septic tanks (septage) can be a significant problem ; 

• for small treatment plants. Many smaller communities have surrounding areas where 
residences are served by septic tanks, their contents periodioally pumped into -tank trucks by 
private operators. Frequently, the tank trucks discharge their contents haphazardly into 
manTioles of a sewer system connected to a treatment facility or hauled to. the treatment 
plarft an(| discharged directly 'into the plant influent wet well. Such discharges can have 
serious and detrimental effects on the performance of treatment plants (particularly . small 
ones) and, hence, many such plants have terminated this practice. ^ 

Larger facilities are not nearly as susceptible to these effects, because they usually have a 
smaller fatio of septage to raw wastewater. Smaller facilities should use receiving facilities , 
and holding tanks for "bleeding" a smaller continuous septage flow into the wet well. 

f.'^' Septage is highly variable, as the ^characterization data in Table 14-7 indicate. It is odorous, . 
and can impose shock loads on treatment plants, causing upsets of primary , clarifiers, 
secondary processes, and anaerobic digesters (24). ^ 

■^The amounts of extra solids, BOD, and NH3 loading should be calculated to determine how 
the various processing units will be affected^ and to determine the necessary design .capacity. . 

• The oxygen demand on the plant can, for example, be increased, substantially. 

If the .septage-to-wastewater ratio, is large enough to overload the plant facilities, 
consideration should be given to providing equalization facilities or an independent septage 
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- .. ' TABLE 14-7 
> ' , TYPICAL GHARACTEWSTICS OF SEPTAGf' 

• •' . ' , >. • 

, . BODj.mg/l 2,500-20,000 . 

.; ' . COD,mgy,l 10,000-70,000 

SS,nig/l ' -2/00-100,000.; 

VolatUe solids, percent 50-80 / . " ' . 

Ammonia nitrogen, mg/l 100-500 , • - 

Organic nitrogen, mg/ 1 .100-1,500 

• . • ' ' ' ■ / 

^treatment facility . The equalization facility may consist of a covered aerated holding tank' 
with the capacity to hold the maximum septage Expected at the plant in 24 hours. Because 
the air will strip sulfides, which sh6uld be oxidized before release to the atmosphere, some 
treatment of the vented air from the hiding, tank should be^prOvided. Methods of treatment 
may include ozon^ion< bubbling the Odorous air through chlorinated water, or discharge 
through activated carbon or soil be,ds (see Chapter 2);. If the septage contain^ large solids, it 
should be macerated before entering the holding tank. Enough air should be provided to 
keep the holding tank conte^ts aerobic.and to keep the solids in suspension. 

If the septage haulers indiscriminately inchide raw wastewater from pit toilets, wastewater 
frpm camping trailers and dockside pumBj-out stations, waste motor oil from pumping 
stations, cutting oil, and other hatd-to-treat wastes from local small industries, a permit 
system, allowing discharge Under specified circumstances int?j|ffie wastewater collection or 
treatment system, must be established awd enforced if th^ efmient requirements are to be 
met consistently, * - " 

• * "■ , . • .*'■'.■,'" 

14.7 Sludge Disposal 

*' " . ' '••«'' 

Final disposal of the sliidge wUl be made directly to agricultural land, to sanitary landfills, * 
or to an incinerator. Digested sludge can be spread on agpcultural land» ahd many studies 
are currently in progress on the various aspects of this method of final disposal (9) (25).' 
Because digestion does not guarantee destruction of all pathogens, appropriate measures 
should be taken to prevent health hazards in applying sludge to land . Other concerns are the 
effects of nitrogen compounds (especially ammonia and nitrates) anc^ieavy nietals (such as 
zinc, copper, and nickel), which are concentrated in sludges from normal domestic 

wastewater, even if no industrial waste enters the system. 

•\ ■ . * * 

NUisance-free disposal of liquid sludge on cropland requires high-quality digestion to reduce 
pathogen contept and to preyent odorous putrefaction. Storing digested sludge in ponds 
permits njore complete die-off of pathogens. Also, such storage, if aerated, permits nitrifica- 
tion of the high NH3 concentration in the sludge, which otherwise might inhibit seed 
germination. Storage is required if the ground is frozen.and land application is not practiced. 
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Because the sludge is high in nitrogen, and nitrate-nitrogen is not readily retained in most 
soils, crops that have a relatively high demand for nitrogen should be planted, The chance of 
polluting fhe groundwater ^^with nitrates should be minimized by limiting nitrogen loadings 
to the probable demand. . , r 

Distribution of liquid sludge may be made by furrow irrigation or by sprinkler irrigation. 
In the northern United States, application of sludge is limited .to^eriods when the ground is 
not frozen. During the winter, the sludge is held in^ponds. ^ 

In places' where sludges from domestic wastewaters (without any industrial wastes) have 
been applied to agricultural^ land for extended pericjjls (such as in, England), the 
accumulation of heavy metals in the soil usually ^as not beeir"a problem (26), possibly 
because of the relatively low rate of applicationT-not exceeding 5 tons of dry solids per acre 
per year. Lime in loils can make the metals complex and keep them insoluble and 
unavailable to plants. Usually, soils that have had prolonged application of wastewater 
sludge will become acidic and require periodic: liming (27). ; 

Incineration of dewatered wastewater sludge from wastewater treatment plants of \ vffgd 
in size is generally not economical, unless the incinerator is also used for garbage and refuse. 
In that case, ,the sludge cake can be mixed with the garbage and refuse and <because of the 
relatively small weight and yolume - of the sludge) can be dispqsed of in this manner. ' 
"However, the proportion of sludgfe to other solids should be kept fairly constant, 

., .... I ' ■ ' ' ■ * . ! 

■ •■ * . ■ ^ ■ 

Composting ^watered wastewater sludge, both alone and mixed with garbage anid -refuse, 
has been studied, (23). In thrlatter case, the sludges provide moisture^nd nutrients which 
are normally lacking in sufficient amounts in garbage and refuse. Compostipg such solids' 
mixtur^ is being practice^ in Europe, but various.attempts at composting in this country 
have nof , as yet, proved economical compared with other ftiethods of disposal. ^ 

Dewatered raw wastewater solids, composed of about^75 percent moisture, can be 
composted alone in a mechanical c6nflposter for 8 to 10 days, basing forced air to'maintain 
proper aerobic conditions. The average temperature* in the composting' sludge is about 
140° F (60° C), which'destroys most, pathogens. .The final product has a moisture content 
of about 30 percent, an-^earthy odor, and a fertilizer value equal to tl^t of cattle manure. It 
does not undergo putrefaction if piled outdoors and is' free of viable plant seeds and/ 
indicator pathogens. ♦ . > 

Design criteria of a unit to handle the dewatered sludge from a.primaiy-secondaiV, 1-mgd 
(44 1/s) plant indicate that the volumetric capacity would be 1,000 ft^ (28.4 ra^). This is' 
about oneRenth the volume required for an aerobic sludge digester h&ndling 2 percent 
solids. The power required for mixing the composting mass and supplying the necessary air 
is estimated to be comparable to the power required for an aerobic digester. 
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,. ; - ^t^'CHAPTER 15 • . ■ , ' 

■ ' •- " • . . ■• -V ■ ■ . ■ ' i - ■ ■ 

- DISINFECTtQN AND PdSTAERATION 

IS.i jlntroduction ■ ^ ' . [ 

• ' Disinfectioii is thef process ohdestrd^ includirig^iruses, and other harmful 

• miq-o-organisms; Chemical agents ar« inost commpnly used wastewater^ allthough 
this dismfectip'n can also be. acco^^ means, and . physical ' . 

■ -agents.^ '•■ . • — ••■•.^ ' : / ■ . ^ ' ^ 

.\,^he inost cqrhmph' che^^ disinfectant use^^m]^^^^ treatment is chlorijne> pther 

possible chemical disinfectants include ozoneviodirie,.btomine, and alkalies (pH's aBp^^^ 
are relatively tdxii to pathogens). Ozone, uitravidllbt light, arid bromine^ehloride' a^e 

"^urreritly being evaluated by the U.S. EPA to deteripine their^tejhtial use in disinfecting 
wastewater treatipeiit plant effluents. i \ 

. .-. ■ . .• { 4 ^ ■■ - .-■ - ^ . • ■ • . ■ . . ^ • ■ 

Mechanical remoyalj of micro-organisms from wastewatier is accomplished to some extent by. 

flocculation, settling', screening, or adsorption. ;Treatment^prdcesses exhibiting significant 

removal of bacte|i^?j}nclude^higj^^^ lime treatment, series wastewater ^treatment ponds,- • 

Coagulation with a,ium or iron salts, carbon adsorption, activated sludge, and trickling filters: 

However, all of the$e^|)rocessesi .req,u^ \ 

The ay^age person discharges 100 to 400 billion coHform organisms per day'(l ) in^bout 45 
grams of feces. The rdno of total colifonns to fecal colifonns in. domestic wastewater is in 
./ the range of 2:1 to 4lj, and the ratio of fecal coliformS: to fecal st]r.eRtococai-rs,4:l to 8:1^ 
(2). Salmonella ha^ bjeen isolated fig^m wastewater with total conform cpunts.as low as . 
2,200/100 ml (2). Ratjios'of colifb/ft^^b enteric viruses are about 92,000:1 in^ wastewater 
l^ijiarid about 50,000; l ip jpoU ^ \ /. 

y/(;Id6al disinfection o^ >^as^wa|(i^ the pathogens present atid 'doe^ hot." .■ 

' pritinue its action beybn&lKe tre^ facility; Th^; efficiency of chemical disinfection is 
axily dependent on. 4ne adequacy and rate of mixirig, contact time, concentratiori of 
.disinfectant, temperature of water, effiilfency of residual -control system (in certain cases),, 
^)[)H, concentration of interfering substances and quality bf bperatidnal surveillance. Of these 
' Variables, the mixing, cojicentr-ation of disinfectant, contact time, and residvigl control 
, system are the ones primarily affected by the facility design (4). / ' . - 

_ Two recent^actions taken by- the U. S.. EPA regard-'^o: municipal wastewater disinfec- . 
• tion should be noted: 1) fecal coliform bacteria limitations have been deleted from the . 
ftp^defini^ion of secondary treatnient; 2) disinfection of municipal effluents will be on V^^^ 
|||^^y-case basis in accordance 'with state water quality standards. The Federal Regist^T: of 
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:.,i%2' Ghlorination -v-. r ; r/r'i^^ '^ > ' 




• Efficiency of chlorine disinfeefion may ^Iso \S^'a^ 

and thfe - concentration and reactivity of inteftferihg or chlorine-deni3nding substances. 

Chldrination of wastewater not only kills pkthpg6ris, ^ b^^ chlorinated 
.^.compounds such as chloramines, which can be TtxixiQ to biota,' Ins^ifficierit 

"chlorine dosage, mixing, and contact time resuit:irt:an incomplete kill of 'jjathogens and 
' indicator qrgianisms. Highly effective or essentially" coinpIete/Hismfection 

out in water free from suspended material. If the 'wastewater is chlorinated when SS are 

present, bacteria within the suspended particles ma^y.'not killed. Existing data indicate 

,that free chlorine residuals, are required f6r signiS(iant prolonged 

contact is provided. , ' ;\ '^^V: 

• • • ,■ • ' . ' ,. .. . ' ' .■ 

Four conditions usually must be met to insure inactivation of viruses by chlorination (5): 

;^ 1. The turbidity ofthewater shouldbe<:i.O Jtu(prefer'ably<0.1 Jtu). 

2 . The pH of the water should be close to 7 5 for waters containing ammonia and 
<7.0 for ammonia-free waters. . . 

3. ^ R^d^.initial mixing of water and chlorine must be prpVMed. 

4. A concentration of 0.5 to 1 :0 mg/1 of undissociated'hypochlorous acid (HOC! ) 
must be maintained for an actual contact pemod of >30 minutes 

, ■ ./ ■ ' ■ ■ ■ . ' ■ \ ■ ' ■ 

If elemental chlorine is added to water, it is hydrolyzed and ionized to two forms: 
hypochlorous. acid (HOC! ) gindrthe hypochlorite ion (OCl")^, In pure water systems wijh the 
pH below 7, HOCl cohsti^utes'frQmi^ 95 percent,, Qi;;;inore, of the solution; witHC4/pH 
; above 8, from 20 to.4Q'percfeiit; Sr le^^, ot the solution:'Tli;:^ disinfection efficiency of HDCI 
is from '45 to 250 times greater than that of OCl'. HOCf, also, is a very active oxidizing 
agent; it AviH>react^^w^^ ox^4izable metals, hydrogen sulfide and organic matter present in 
wastewateri- and ,is sh^t lived, in the presence of readily oxidized compounds, such as 
^mmohia, foiipdj in \ystewater. Because most wastewater^effluents contain ammonia;;; the 
following reactions wiUoctur within minutes upon adding clilorine (2):^ / v . 

f V Nfis +Hqci-^NH2G1H^H^^^^^ ^ 

, . - (monochJoramine) '-^ '"n 

NH2.Cl + HOCl-^ NHCl2 + H2O ^ ' 

'y ' (dichlor^mine)' \ 

NHCI2 + HOCl NCI3 + H2O 
(nitrogen trichloride)- 

^ :T:he. two species predominating^^Qst cases are monochloramine and dichloramine. They ' 
. ^r'e commonly referred' to as the combined available chlorine. Chloramines are much less 
' PPtQht, than hypochlorous add as a disinfectant. 
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Hypochlorous acid also reacts with other organic matter in wastewater, siicji} as amino acids, 
and inorganic matter siich as sulfites and'nitrites, to produce chlorine compounds having 
very little or no disinfecting power (2), Design engineers should be awa^e of the extent of 
such side reactions in determining the optimum chlorine dosages to apply to a wastewater 

Total chlorine residual is the sum of the combined and free chlorine concentrations 
remaining after a specified period of time. Chlorine demand is defiped as the difference 
between the chlorine applied and the total residual chlorine remaining at the: end. of the 
contact, period. It provides a measure of all chlorine demanding reactions3nc^^^^ 
disinfection (6). V.'' 

Tests are necessary to determine chlorine demand. The amperometric titration test for ' 
chlorine residual is the most reliable, if the operator is well trained in the use of the^ 
instrument (several blank runs are made to "warm up" the instrument, and the electrodes 
are regularly checked*' (7). Lin et al. (8)' recommend the modified starch, iodide (MSI) 
method because of its simplicity, speed, economy, and dependability; a^l<lrthey, note that it 
is already preferred by WWTP operators in California. Both the ampferx^inet^ and the basic 
staj-ch iodide tests are detailed in Standard Methods (9). The modified starch iodide test is 
detailed elsewhere (1»P). AVfield evaluation of 38 wastewater facilities indicated that the 
most reliable chlorine dosage control method was either l)'a residual control with an - 
analyzer to provide control based on both change of flow rate and chlorine demand or 2) a 
compound loop control in which the control apparatus receives two separate and 
independent signals from a flow-ipeasuring device and from a chlorine residual analyzer (4). 

Figures 15-1 and ;4 5-2 illu^ftafe some'Of the concentration vs. contact time relationships fer; 
chlorine disinfection ofc'V^stewafer!;^^ Figu^e^ 15-3 and 15-4 show the relatiy^; 

effectiveness of differdJfi;'fQi^jS^(i{;.rhlor and the relative resistance of other organisms in 
pure water systems. Figure l5-5 shows the relative amounts of HOCl andOCl"forO° and 
20° C at various pH values...A detailed* discussion of all aspects/of chloririation is presented 
in reference (12). 

Careful design of chldrination facilities is essential, because it usually is relatively difficult 
for the operator to adjust the initial mixing-, the actual contact (short-circuited) tini^, the 
method. x)f controlling the chlorine dosage, or the pH after construction. Efficient operation 

''"■4 ■ 

of the prior treatment processes may^ rninimize or eliminate some intprflerjng substances, 
suQh as ammonia, calcium-bicarbonates{SS, COD'*; and turbidity. It is particularly important 
in wastewater treatment pond systems that the removal o!" SS.in the form of algal and other 
microbial cells be relatively coVnplete before chlorinatioft, if disinfection is to be effective 
(13). Turbidities should be kept below 1 Jtu and preferably belo>y 0.1 Jtu, if chlorination is 
to inactivate viruses effectively (3). ' • . . , 

If chlorination (either with gasec^u^ chlorine^lor hypochlorite) is used, the chlorination 
process and the-chlorine contact unit ideally should be designed 4o keep the chlorine 
residual in the efflufent at a minimum level, consistent with meeting coliform removal 
standards. This condition can best be accomplished by providing an 'initial rapid mix,^foi. 
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d= WASTEWATER 
DILUTION 



CONTACT TIM^ FOR 50% E.COLI KILL (MINUTES) 

. ■ ' * 

FIGURE 15-1 ^ - -.^^ 

CHLORAMiNE CONTACT TIME REQUIREMENTS (11) 
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d= WASTEWATER 
DILUTION 



CONTACT TIME FOR 99»/o E.COLI KILL (MINUTES) 

FIGURE 15-2 

FREE CHLORINE CONTACTTIME REQUI REMENTS (11) 
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making quick ai|d complete contact between the chlorine and the pathogens, and follo>yed 
by plug-type Uo^ (i.e., xach particle in a cross section of flow moves at the same velocity) 
through the contact chamber. 

Chlorine-induced ^toxicity, from a complex of chloramine compounds in wastewater 
discharges, is becoming a serious^ environmental concern. Combined chlorine residuals may 
be toxic to the existiJig aquatic organisms (1*4), and dechlorination may be necessary. 
Dechlorination can be accomjplished with reducing chemicals (such as^sddium bisulfite, 
hydrogen pfirpxide/^ulfur dioxide, sodium sulfite, or sodium thiosulfite) or with beds of 
activated carbon. Each dechlorination systein requires some additional equipment and 
possibly pumping, necessitating cost jcomparisions! In small plants, the addition of sulfur . 
dioxide or activated carbon is usually the simplest effective method of dechlorination. 

When a chlorinated wastewater containing combined forms of chlorine, including 
chloramine, is passed through an activated caybon contactor, the following reaction seems to 

take place: . . - - : v ' ■ 

■ ■ ' • ■ ^ ■;. ■ • • . ^'^'-^ ' " : 

2 NHCI2 + H2O surface oxides N2 + 4 H+ 1 4 C r + oxides of C 

releasing Tree nittbgen to , the atmosphere ahji^tempying* the possibly tQxtt?^^^ if 
contact time is sufficient ( 1 5 )|^, ^zt^ ' ■ < ^ 

Typiical chlorinatiorii systeitts using. gase^^ ^hioririe dre shbjvri in Figiii:e«15-6, Using the 
vacuuni system rather tfeaii the pressure vacuum' lias ibveral advantages including (16): 

■ ■• ^ ' , \ •■ ■ ■ : 

1 . Elimination of pressurized gas and solution feed lines 

.2. ' Elimination of fpanifold piping afid flexible connectors while; isolating auxiliary 
valves 

3. Elimination of .need foi: heat as gas under vacuum that 'does not reliquify at. 
temperatures above about -40° F (>-40° C) • . 

-•Because of its obvious simplicity, the vacuum system is more desirable for small wastewater 
chlorination facilities. ! , 

Calcium or sodium hypochlorite provide much the same chlorinous solution is does gaseous 
chlorine., Fpr example, 1 lb of active chlorine in solution is produced by 1 .05 lb of NaOCl 
(100 percent) or 1.01 lb of Ca(OCl)2 (70 percent). Calcium hypochlorite comes in tablet 
form for very small systems, and-^granular fomi for larger systems, requiring a solution tank 
and ^ solution feeder. Sodium hypocMorite solution can be purchased or generated onsite 
in amounts as low as 1 lb/day. The hypochlorite solution also eliminates the dangers of 
handling gaseous chbrine, although.;tt has a relatively short storage life in Solution. Care 
must be taken to insure that an ine?^pensive salt source is'available, and that the extra 
dissolved solids from the hypochlorite^eneration (ari increase in total dissolved solids results 
from the production of each mg/1 of NaHOCl , depending on the efficiency of the process's) 
will not create a treatment or dispo^jirproblem. The generator requires about 1.7 to 3.5 
kWh (6.12 to 12.6" mi) and about 2.0 to 3.3 lb of salt per pound of equivalent chlorine in 
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the resulting sodium hypochlorite solution. Onsite generation will not usually be cost 
effective for small plants, except for isolated locations with a low-cost salt source. For more 
infofmatibn on hypochlorite generation, see references (12) and 06)^^^^ 

. • *' ■.• • ■ .• ■ ■ ■- • 

Systems for onsite generation of NaOCl for small treatment plants are shown in Figure r5-7. 
Some hypochlorite generation units, such as those with membrane cells, are more costly to 
maintain, or .they require pure- salt rather than rock salt or sea water. The capital costs of 
different units also vary considerably. ' , 

An extensive 18-month bacteriologicaT study of the Trinity Riyw basin indicated that, if 

• ' chlorination is not efficient, bacterial populations recover as they move downstream from 
' -. ii:. t^^^ effluent' discharge points (20).. To achieve satisfactory kill of fecal coUfc^rm, fecal 

. ' ; ; ^stri^ptpc^eci; and soljnonellai', the chlorination facilities must be designed to insure adequ^te 

; V designing a^eJ^OT^ some essential factors to be considered are: 

. 1. Selectingi^^i^^*:i-.d^^ feed control systeiTi,'keypd, if possible,. to meet 

chlorine^demahd variations (usually, this means feed activated by flow-measuring 
devices for the smallest plants) 
2. Selecting 'a diffuser that doses the chjidrine uniformly thrpughout the influent 

V/^^J -stream " '■.,'*'- ^ ■• 

Ji^/J, ' 3. Providing excellent mixing (mechanical mixer, hydraulic jump, etc.) at the inlet 
' » % r ' end of the contactor to homogenize the chlorine and wastewater within 3 to 5 

f * ; seconds of dosing (4) 

' ^^^'v 4. /Providing longitudinal baffles and turning vanes, if p^cfessary, to achieve>i?lu^ 
I jl , ; flow after the initial complete mixing and actually obtaijff jthe re^i(ri?|i^^ 
*' " ' « time (actual equals theoretical n^inus short circiutin^^v J 'V^ " ^ ' • /J^j 

^. Training operating personnel thoroughly ^ v * 
C6. ProvidingameansqfpHcontrol, if necessary V y ; / ..' 
k'^^' V 'J:. Providing dechlorination, if downstream ecology will be significantly, affected? j: 
> ; . by chlorinated byproducts ^ , " 

' ■^^T^'!^^: Providing nonsettling velocities in the contact chamber . 

• l^*^ ;^^^:v'^^^^^^^ adequate /provision for easy cleaning of cwtact V basin, becat^ 

v';/"JV \>^Ste|)tf l5v^ 10 are not generally fully incorporated in the design of plants treating . 




' v *^^ has been constructed, its efficiency cannot be modified easily, so an 

/ ; r J^^^^^ very important to good chlorination. Three methods to achieve chlorine 

r \ V v/^^^ Figure 15-8. The turbulence created by a hydraulic jump has proved 

: : , V>Veij<c(^^ mixjing and has proved to be most effective if the head loss is about 

■ ■ 15-9.* . ■ ■ • ■ • .. , . 
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. 2 ft (0.6 m). Another simple, hut effective, method to achieve good mixing'ln small plants is ^ 
to jplace the chlorine feed at a centrifugal pump inlet, if the flow to the contactor is'pumped. 

The design of the chlorine mixing and contacting units must be considered together. The 
contact unit should be designed to provide a dQtention time of not less than 30 minutes' 
for eaclL molecule of water passing through. Unless model dye studies have beVri' made to 
determiffe the ratio of actual to theoretical' detention time, a value of tw^hirds may be 
used. For example, if the actual time is to be 30 minutes, the contact unit^ould have a 
theoretical dete;ition time of 45 minutes: The rkio might be as high as 0.9 foAn excellent 
design. • ' ' ; 

Such plug flow can be obtained to a major degree by^ using a pipe designed to flow full to 
provide contact time; 2) using a long, narrow, concrete-lined channel; or 3) placing end- 
around baffles with guide vanes at turns in the contact chamber. The pipe is the best type of • 
chlorine contact unit for small plants. Length-to-width ratios of 60 to 70 have proven most" 
effective (4). One effective design for baffled contact Chambers, as sho^n in Figure 15-9, 

has a flow-length to channel-width ratio of 72. ' 

■ _ . ■ , . 

Model tests were made by the Metropolitan Saiiitary District of Greater Chicago to evaluatl^^ 
the impact of different baffle designs on. actual detention time. The various baffle desi^s 
evaluated and the test results are shown in Figure 15-10. The data show that the baffle 
arrangement useci in Scheme IIA, using turning vanes, provided the highest actual contact 
times. 

15,4 Ozonation 

* ■ " ■ 

Ozone, used to disinfect wastewater or as a tertiary treatment, does not increase the odor, 
color, or ^It-content of the plant effluent. In relatively pure potable water, ozone has a half 
life from about 20 to SO^jninutes, depending on the COD remaining in the water (21). At 
normal temperatures, ozone residuals rapidly disappear if any COD is present. Although it is 
'twice as powerful an oxidizing agent' as hypochlorite ion, ozone has« relatively "little 
disinfecting^ power until the initial ozone demand of the wastewater has-b6en-5at}sfied. After 
this poi|fit^has been reached, it reacts very rapidly essentially to complete disinfection of 
both bacterial and Viral pathogens within 5 minutes (22)\ If normal amounts bf oxidizable 
materials are pre^ent^^as in secondary effluent, the dosage required may be between 5 and 
20 mg/1 (23). O^ne treatment does not reduce the total dissolved nitrogen. At pH above 
10, ammonia also is oxidized to nitrate. CODs t)f 30 {o 50 mg/Pcan^be reduced about 50 
to 70 percent with ozone in one to two hours of actual (not theoretical) contact time. 

For domestic wastewaters, the relations between feedwater COD, product COD, feedwater 
pH, reaction time, dissolved ozone concentration, and the quantity of ozone dis^alved are 
discussed in reference (24% , An ozone-generating facility^ must be designed to*" meet peak 
flow periods and maximum dosage levels (23). If dechlorination is required, the costs of" 
ozonation may become more competitive ,with the costs of chlorination, especially if liquid 
pxygen is available onsite. It takes about 2.5 to 3.5 kWh (9.0 to 12.6 m'j) to produce a 
•pound bf ozone, using oxygen feed, and about 6 to 9 kAVh (21.6 to 32.4 mJ), using air";feed. 

" ; . " 15-12 . 
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;Tlie .primary objections to ozone use are high cost, pos§ibte air' pollutidn from* exdapin^^^ ^ 
;ozonej: an4 high electrical consumption. The advantages of vozone for ; dismfectidn " for ^ 
secondary ^^fluents are: „ • • ^ ^ ' '■y■\•'^[^'^■^'^':■''^v■■•i■■ 

• : v '1." It eliminates tastes and o^brs; reduces oxygen demanding matter; removes most 
colors, 'phenolips, . and cyamdes;reduces turbidity and surfactants; and increase$^ 
dissolved oxygen. ■ ' ' " 

• • Oz'onation.^ pan also be used as a tertiary treatment process* for oxidation of 
' •...residual carbon comp^ . " 

' 3.' . TheM^^ 

the' American' Council of Governmental Industrial Hygienists* is. O!V pi)m by 
> volume for continuous human exposure. The threshold odor pf ozqne^ls Q.Ol ' ^ 
to 0.02 ;ppm. Thi^ nie'an5. that;;a person working near an bzone-handlihg area ; 
should be able, to detiect the presence of /^ozb^ at'goncentrations far b'feldwiher'w. 

4. : Ozone x:an be generated froiTii, air, makihgits^^^'S^^^^ only pit ai^sbur^e 

. ^ . ; :y ^oP p^^ of ozone from oxygen should be consider^ where onsite 

\ g^^^ oxygen is practiced in conjunction with biologicar treatment, 

. •ibeqause less energy is used. 



rThe . lwa most efficient type^ of ozone generators are the ^y4ter<6oled tube and the air- 
cpoied^^^^ ozoiiators (24). The latter are generaifly more efficient. (25.).^The* 

•/LpM'ther-plate ozonator (see Figure 15-1 1) with a once-through air fefed. s^^^^ 
abQVit:;^.3 to 8.8 kWh/Ib/(:13jO to 19.4 kWh/kg), while with a recycl€^d-pure<)xy|en feed , 

. sy^]tert^.i^^ (5.5 to 7l7 kWh/kg). Ozonatipii: Systems '^e 

sKowhv iiiiH^^ 15-11 ahd^.l typical oz6h6 contactor is also shown in Figure 15-1 2v 

Thiexe ,^te ozone to .wastewater (28); ' ^. ; * . > * . : > 

,1. Coojed and dried , air is fed to the ozopatpr and the resultant air^kDzone solution, 
(1.3 percent ozone by weight) is mixed with wastewater in a contactor. This 
, system is linriited to very small. waste>Yater systfenis (bec£^us^ ^ 

' and for usis in odor control. '. • ^ i / " . ^ 

, . 2. All oxygen -enriched feed repla|ces.t}ie aiir feed in sj\t eiru)he (above). A^p^essu^e- i 
saving separator is used to remove ifiitroge^ V ■ ' 

3. Oxygen feed replace? the air feed in'»systen^ ori^^hA^ii^^ 

* Recycled tp the front of the loop. Nitfbgen: is feme ved from *the wastev^ter [ 

•■•''.\:^efore ozonation. .' y.::'-- ' • ■ 'i,!'. " '^-^ 

4. Air i$.«ejprii±6d';t^^^^^ ' 
the-jpec^cfe^^ ./ ' - 

Thire^^^epera^ are lisual^ These 'are th^^-gacjce^ V 

coliim; and t mixirig.-Th^ t^ntictor design for a ' 

particujar w is apt to he^(^^ 

wastewater;; w^^ conditions. The\d€isi^: 'of;, ?^^ ozonation' system fdr a/ 

munidpal VasteWater treatment, facility requires thorough ^; knowledge of the loca/ 
* conditions and of ozonatibn to optimize the design. 
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* 1 5 .5 Small Piant Disinfection Practice 

• . ,- »■ • ■ • ■ • *' . 

^ Gurrent disinfection practice in the design of smaU wastewater treatme'nt plants is usually 

confined to chlorinatio;i. Its efficiency is a function of the adequacy and rate of mixing, 

^ contact tiQie, water te^^perattire, pH, interferring substances present, and quality of plant 

joperation. and maintenance. ' . ■<> ^ 

ti . . . ■ ' _ 

!► The steps to^take in (Resigning a chlorination system ar^ outlined at the end df section 15.2. 

At smaller, ^Ore isolated plants, dry sodium hypocitjlorite is used, with the solution pre-; 
^ pared each day or two to prevent 4bss of ^effectiveijfss because of deterioration, The vacuum 
chlorinator usually is the .cost-effective choice in which liquid chlorine can be obtained 
-expeditiously. Standby chlorination facilities are required to meet EPA reliability guidelines. 
For small plants, a standby dry NaHOCl feed installation will usually prove to be effective, 
if an alternative source of liquid chlorine is not available, ' 

, ' To maintain as low a- chlorine residual as possible in the plant effluent, while providing enough 
' chlorine to meet the variable.chlorine demand, is difficult at small plants if the flows are also 
. quite variable. Preferably the chjorihe feed should be pacedby signals from a chlorine residual 
' analyzer. Ifthis process is not possible, feed shouldatleast be paced by a flow measuring device. 

' Mixing -of the chlorine in the treated wastewater must be quick and t^iorough, requiring 
adequate turbulence. The three- types of mixing (shown in Figure 15-8), or feeding the 
chlorine^ into -a centrifugal pump inlet, are all effective methods for good mixing. The 
simplest forni^ of efficient contactor is^a pipe with a siphon or weir at the 'lower end to keep 
the pipe flowing fun. An'^open ^channel maj^ be substituted for the pipe. Either should have a 
. ft length-to-width ratio of 50 to 80 and a minifnum actual detention time at peak flow of 
30 minutes. . " , 

• .; -■ ■ • ■ -'V . .. 

Means should be provided for regular sampling to determine the fecal coliform count in the 
chlorinated ^^uent, because the chlorine residual is a less accurate indicator of fecal 
bacteria survival. , • . . 

15,6 Postaeratiori ^ . * ~ . 

' Most State receiving water quality standards require a minimum stream DO of 4.0'mg/l, 
In addition. States are requiring a minimum DO at least equaj to the receiving water quality 
standards (6). , , - 

1^ Postaeration can be accomplished by adding oxygen to the treated effluent befor%\iischarge 
in several ways: mechanical aeration, diffused aeration, cascade aeration, U-tube aeration, 
and^oeqpation (Used if present for other purposes). ^ " , 

.■. t * 

•Although* postaeratiori Tri* chlorine contactors does n6t affect chlorine residual, it doe^"^' 
increase short circuiting and, thus, may reduce the effectiveness of the chlorination. , 



Postaeration will increase the dissolved oxygen in treatment plant eiffluent, thus reducing 
ultimate oxygen demand and potential odor problems in the stream. 

Secondary scffluents from biological treatment plants normally contain b.5-to 2.0 mg/l of 
DO (6).^lurated DO concentrations in plant effluents will, normally be between 8 and 14 * 
mg/1 . An unsatisf^tory BOD of 35 mg/1 with 0.5 mg/1 of t)0 could be reduced to below 
30 mg/1, by adding 6 mg/1 of DO with postaeration, thereby, meeting secondary effluent 
requirements. 

Typical devices used in postaeration are shown in Figure 15-13 (6). These' devices and design 
considerations for their use in postaeration are described in the Process Design Manual for 
Upgrading Wastewater Treatment Plants (6). 

The two postaeration methods found to be most simple and yet effective . for small 
treatment plants are cascade aeration and U-tube aeration, neither of which .incorporate 
mechanical equipment qor require outside ^ower (other tban som& loss of head). If 
compressed air is available at the plant, diffused aeration may be used advantageously for 
postaeration. Otherwise, the more efficient mechanical aerator should be used if 
postaeration is necessary and if sufficient head is not available^ for U-tube aeration or 
cascade aeration. . 
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CHAPtERie 

. ^. OPERATION AND MAINTENANCE 

;$tudie^^ treatment facilities have shown that any inadequacy in the design, 

: j!t^ or operation and maintenance (O&M) has invariably led to a waste of 

ipapit^, ; m^ energy. Wise use of personnel according to a well-organized O&M 

these three essential resources and can result in optimum treatment 

liX;M 't^ of the design, engineer of small plants to select processes and equip- 

and the complexity of O&M procedures. Treatment 
.:processeis: se^ should phimize pperator time and miakei>laborat6ry testing consistent 
.,>^itli,'pr^ required -effluent quality.: There is no poinfc'in incltiding mstrumentation 

: br eqj^^^^^ that will not kept functioning. In fact, the smkll;p)|i^t should be design^ 
;tb.'be;as maint^s^ ' 

fi^^ peirp^tuallyy^ ancii mininial staffing arrari^^efi^s^^n^ 

:i3emon^^^ proce439s 6r\^^ oiily if reliability has. be^^ 

.^[r4 :3i:y^rT2iT^ of perfomarljf^ design engineer sTi6uld .be sure that 

aaSqu^te backup service aiid?%dy selected will 

be available for the estimated ;^emc^^ use of tiled and^proved 

^ui|)]mi^Jit should reduce the ^^nual 5^^^ repair^.tiill and improve overall plant 

'■'pperatioh.. ' - . ^ ^ , . 

Federal Guidelines on the Operatm md^ Facilities' 

;fl). C0|itains sections on' gQjjermnent jrispe^ laboratory aiid\v 

■'process control, safety, emergency operatM^^^ d^^M '^A^^^ financial 

-controls. The design engineers should carefiilly^ i^ operation pr 

'■.maintenance- planning. '• ^ X '^y^^^^'^^^^^ 

■■•,:V:V; / " ■ ■ ' ' \ •^V- V 

The design engineer should, as a mininiumi; providV^ shi^lT^^^ 

1; Nleet reliably effluent standard&with ni^ 

Allow necessary alternative pixJ^qessi;, ^ad^iistineii^^^ widely 
varying) hydraulic, organic, of^o^dcfeki^ • ~ 

3. Safely divert the flow arourtSd^malfujictitm^ 
"necessary levels of treatment. .. . iw'^-'-.'^ '-ts 

4. Secure the necessary assistance |ui %ies 5p^er^^ 
malfunctioning eqiiifjifDient or processes, lu^aisLchlorinati^^ - ' 

5. Ke?p the facilities clean, neat,^ahd odor ffeei vwt^ rtininium^^e^^^^ 

6. Perform necessary preventive maintenance, ii: ^^^- ::^^ 

.7. Allow performance of necessary analytical mj^^surem^^^ control and 

routine monitoring. \ = ''^k: ■ "^'^^-iCr^ 



16.1 Management and Organization , 

Management planning is required on, the State, regional metropolitanj-s^d local levels to 
supervise, monitor, assist, and/or control the operation and maintenance of small 
wastewater treatment \vorks. , ' • 

Management, must provide: 1) personnel at the required level of e4^c^ti^n and/Or;,training 
for each requited task; 2) equipment in functioning condition ne^c^^s^ to carry out the 
:''\V^brii; 3) required O&M funds; 4) enforcement of sewer ordinances and pretreatment 
require lirt'ents; and 5) coordination of these activities. Management must select competent 
engineers and cpntractors. to design and build the works and provide reviews and approvals 
at each stag^ of ilie&'prog^ '^ v 

Operators of smaller wastewater treatment works usually reqjiire management assistance for. 
preparing and implementing an adequate- prganization planiThis organization plan should , 
insure an economy of effort, funds and manpower, while providing necessary manpowef ^ 
backup services. Backup, support services should include: 1) specialized electrical and 
jnjechanicar maintenance's^ 2) needed advinc^d analytical laborato*ry services; and 

-3) coijsuJitatiOn ;dri^^ The most effrdeht management organization will vary 

accofdijrtg. 't&.^tJie:'fo^^ and type of treatment works. Some States, such as 

,Massachusetts''i'nd VeiliipritV, stipulate the number arid function of personnel for different, 
sizes and types of treatment plants.' ' . 

Support, first and last, is .a management problem rather than a technical ;one/The,fjiari4^^^^ 
probably working under a board of directors, must supervise the technical :ana clerical 
personnel who actually carry ou^ the policies and procedures that have been established ^ To 
• do this, the manager must understand the jobs they do and insure, that all the.pieces — » 
policies, procedures, personnel, and .co$ts — fit together (2). ■ . , / 

...... ' • * 

The way the wastewater system is viewed by management is ajtso important. The system 
should be administered as a business venture with pnjgping responsibilities and opportunities, 
rathef' than as- a . one^-time achievement that moves in an unchanging manner once 
established. * . f'' 

■ I 

Although the full-time presenpe of personnel at smaller wastewater treatment plants is no#' 
always necessary, daily visits to check plant operation, monitor performance, and perform 
required maintenance *Tnust be made. In locations in which small wastewater treatment 
plants are relatively cjose, one person usually can visit two or more plants each day 
perform the necessary tasks and collect samples. For safety, a one-person crew should 
check into an office , by phone on arrival and, on departure from eacl^ plant. Two-person 
crews are necessary for the periodic maintenance that would be unsafe for a single person. 
. Jn this situation, several one-personr operations can be combined into a regional or metro- 
politan arrangement for provision of backup needs. The Oakland County, Michigan, Public 
Works Department provides operation services for about 33 smiaHer treatment plants. 
The county is divided into fiye districts, and each plant is visited at least once each day by 
one pr more of the 16-person operating staff (3). The plants in the county have been 
meeting required phosphdrus removal as well as secondary treatment effluent standards (3). 



Backup services in this arrangement include: 1) advice and assistance in process control and 
O&M; 2) specialized maintenance and repair of electrical and mechanical e(tuipment; 3) 
routine and specia^ed a'nalyses jDf wasfe^ater samples; 4) procurement of supplies; and 5) 
financial admihisfcr^ion. The Metroppiita^^^ District of Greater Cincinnati, Ohio, 

performs a similar service in the oj^ttkiOn of small wastewater trea?pient plants in the 
district -(3) (4). ' " . - ' I^^K 

-'0Cf'' • • ' " ^ • •* ' • ■ ■ 

Sdme sparsely inhabited states are divided into districts to provide these backup services to 
local operators and to monitor performance (5). Because of substantial distances between 
plants, these backup services can often be provided ^t only one or two plants per day. The 
backup operation, maintenance, laboratory , servi^ies, and monitoring may; he. supplied by 
contractual agreements wit|i;^^^^ an agreement woiii4,.be more 

economical aflcf effiqiei^t ihari^^^^ that might pfovidd one or 

more of'ivthe batku^^ include consulting engineers, commercial laboratories,'. 

uniVersities^tnd;;^th^^^ . - ' \ 

Communicatibji befweenMe b^^^^^ both before the v 

plant is desigri^'d ^nd after it is;in operation, is essential to effective plant operation. 

To proWde ; the .basis fof manp6\Ver pla^^^ ta^k, |actprs or work elements (with their 

corresponding personnel reguiret|rte^^^ be^jlev^loped. Mailpowpr planning, with 

district, region,. or State maftagem^ services for small wastewater treatment 

\ plants, must be c6br*ainated Witii^^^^^^^ work space designs. Such planning must- 

■ include :' \ ■ ' ^-y--''^ ' - ■•' 

.1. Ide^htM^^ 

.2. Ideh^fibattqn Qf opti'm 

3. Prepafation.of^manpower specificatid * . 

4. Idetitification of training requirements 

5. Development of task performance aids 

.6. Development of work performance evaluation criteria 
• 7. Development. of career development patterns 

16.2 Factors Affecting Operation^ . ' . / * . 

All possible factors affecting efficient and satisfactory operation must be considered ^ 
management when manpower" and organization plans are (developed (6)! Table 16-1 lists 
some of these' factors and indicates which treatment processes might be affected by each. 
Most small secondary wastewater treatment plants are absolutely dependent on the 
functioning \of an active population of microorganisms to meet effluent standards The 
design engineer should consider a means of obtaining an inoculum of active microbes for 
quick startup of biological units initially or after unexpected shutdowns, particularly for 
nitrification systems. 

Each treatment facility, particularly I advanced wastewater treatment plants, may have 
difficulties not included in Table 16-1 . Sludge and process sidestream problems are discussed 
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,<•; . -"^ TABLE 16-1 ' 

" 'common FACTORS AFFECTING OPERATIONS 



— .4 ■ 

Design and 
Operational Factprs 
Affectiiig^Effluent 
. Quality or the ^' 
Environment 


Wet Wells & 
Pumping 


'Equalization 
Tanks • 


Primary . 
Clarifier 


Final 
.. Clarifier 


Si*?? 

'-f 


Trickling . 
Filters 


Sand 
Filters ' 




. Oxidation 
■ Ditches 


•a 

-i.'S-i 


•c ■■■ 

• CO- 55 

i*. ^ 


' Disinfection \ 


. . ■ • • — r_ir ... . ' 

Wrong Destentiori jfirtle , _^ 


X 


X 














X 


X 


■■x! 


:iXj^; 


Wrong Depth t^^-^^y 






X 




J 




X. 


X 




X 






Wrong Width to. Length 






x'v' 


■■■x.'. 










X 


X 


X 


X 


Wrong Area 






X.. 










X 






X 




Inadequate Inlet Design 






X 


X 

r 


X 




X 


X 




•X 


X 




Inadequate Outlet Design 






X 


X 


X 


X 


X 


X 


• 


X, 


X 




inadequate Mixing 




X 






X 








X 


X 




■i-X' 


Short Circuiting 




X 


X 


X 


X 










X 


X 


X 


Wrong Sized Pumps ' 


X 


X 


X 


X 


X 


X 




x 










Wrpng Sized Compressors 

■ .) ■ 


* 


X 






X 






X 




X 


.0 




Inadequate Pretreatment 


X 


X 


X 


X 


X 


X 






X 


X 




X 


Shock Hydraulic Load s / 






X 


X 


x 


X 




X 




X 


■ " 


X 


Shock Organic Loads \ 










X 


X 






X 


X- 


x^ 


~x 


Excessive Alkalinity (High pH) 










X 


X 


X 




X 


X 


X 


X 


Excessive acidity (Low pH) 


X 


X 


X 






X 


X 


X 

K 


X 


X 


X- 




Low Temperature 






X 


X 


X 


X 


.'■■■x 


X 


X 


X 


X 


X 


Wrong BOD Loading 








X 


X • 


X 


X 


X 


X 


X ' 


^ ' 




Wrong ML VSS Loading - 








X 


X 








X 


•. 






Wrong SVI ■ . 








X 


X 








X 








Wrong SRT 








, X 


X 








•X 








Septic Wastewater 
Septic Sludge 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 




X 


X 


"x-. 


X 


X 










X 


x^ 




Scum 


X 


X 


X 


X 


X 








X 


x 


X 




Foam ' • 


X 


X 


X 


X 


X 








X 


X 


X 




Inadequate Oxygen Supply 




X 






X 


X 






X 


X 


X 

I 




Malfunctioning Aerators 
Malfunctioning Diffusers 
Malfunctioning Pumps v 
Malfunctioning Compressors 
Dentrification of Sludge 


X 


X X XX 


X 


X 
X 


X 
X 
X 
'X 
X 


X 




X 


X 
X 
X 


X • 

1 

X 
X 







Design and » 
Operational Factors 
Affecting Effluent y 
Quality or tKe> 
Environment 



c 
o 




i2 

PS 



*2 u 



c 

o 

CO 



CO 



CO 'X3 



C 

CO 
N 



C 

o, 
.5 



inadequate Moni'toringV 
Clogging of Pipes and Valves 
Excessive Got ; > 

Excessiire/Variatioh iirt n 
"Excessive Variation fii BOD 



X 
X 



X 
X 
X 



X 
X 
X 

;x 



X 
X 



X 
X 
X 
X 



X 



X 



.'Xr: 

X* 

X 

X 



■•x.„ 

X ; 

X'' 



X 
X 
X 



Ina'dequate Re.cirqj, 
Inadequate Backs^ 
In^adequate Gleam? 
Inadequate Flow Control 
'Ihadeqiiate Inspection 




X 
X 

X^ 



X 
X 
X 



X 

x«^ 

X 



X 
X 
X 



X 
X 
X 



x 

X 
X 



X 
X 
X 



X 
X 
X 
X 



X 1 

X 
X 
X 



X 
X 
X 



X 
X 
X 



Ihadequate Preventative 
> Maintenance 
►Sludge Bulking 



X 



X 
X 



X. 



X 
X 
X 



in Chapter 14. Other chapters contain descriptions of special problems that might 'be 
encountered in specific processes, f ^ 



16.3 Personnel, . .' 

The following observations were noted by Iowa Stdte Urtiv.ersity^in a report on conventional 
wastewater treatment plants smaller than 1 mgd (7): ; ;• 

•Unless local authorities are motivated to provide adequate manpower and funds for 
' proper ..operation of treatment plants, regardless of where the initial funding originates, 
the plant is not going to be operated effectively. This -includes providing adequate 
man-hours, operating supplies; equipment, wages, and related support. Operators in the 
small plant riiay be strictly part-time with this responsibility shared with street repair, 
- park mowing, solid waste problems, and law £nforcement. A pM-ticular problem at 
small plants is that the part-time wastewater treatment,plant operators are often 
assigned other duties in the' community that have been given higher priorities than the 
treatment plant operation, i . - , ■ 

Operation of small treatment plants is greatly affected by the motivation and trainirife 
of the individual operators This training mu^t include basic knowledge of unit processes 
and the plant equipment,' ^how to recognize potential trouble, how to diagnose and 
make temporary- repairs, afid where to obtain additional assistance.. Thus, the training 



■ , . must encompass what eacfrr does, how to control it^when to': take , 

. ; corrective action; and where to obtain competent aid in time of stress . . . . 

Av erage man-hour, requirements for the basic operation of secondary treatment-plants, ' 
other than stabilization. pondSj are shown pn Figure 16-1. The limit curves are based ; 
primarily on data . presented in reference (7), which indicate tha? a rniniiiium of 3 hours per 
day arfe required for operating and maintaining package plants. However, most pentianQnt 
plants will require at least several hours per day. A typical weekly O&M schedule for !an 
^tended aeration trea'tment plant, is shown in Table 1 6-2, 

. ..^ manpower plan must provide for: 1) standby personnel for all types of emergencies and 
I'epairs to essential equipment; 2) laboratory facilities .and personnel for special analyses: 
and 3) electrical andwmechanicai workshops where repairs cap be rnade for each type of 
'^equipriient. Equipn^ent and processes for small wastewater treatment facilities, should be - 
designed for a^ work shift of 8^ hours a day. A 'three-shift operation reiquires a minimum of 
five, operators, which represents'a cost of about $150 to $200 per millioh gallons for a 
1-mgd (3,785 m3/d>plant . ■ ^ ' * / . \ . . 



More' complete Jistings of tasks to be accomplished by 'different personnel at. various types 
H)f treatment facilities are presented in references (8) and (9). \ ; 

■■ ■ •' - ■ " ■ ■ , » ■ ■ _ ■ ■ ' ■ ' 

Training: schools and special sources, should be available, to all operators and mechanics. 

Technical and professional schools offer specialized courses for technicians. Onsite training ' 



at the time of plant startup-should be provided \)y equipment manufacturers' representatives 
and design engineers. If the operator is to work part-time with other regular assignrnents, 
on-the-job training is still -required to insure that the operator's training is adequate. 
Correctional training* shtAild be provided on site by regional or statie supervisory, control, 
or. backup personnel. Criteria Joj; the e$tabHshment of training are available ( 1 0) ( 1 1 ). ' , 

Programs for either voluntary or mandatory certification of operators exist in most stateT.-' 
The certificate is indicative of the knpwledge, experience, and^competency of the operator.; 
Certification programs give the operator improved status, greaier flexibility in changing jofe^s, ;^ 
and opportunity for higher wages. Certification' usually provides benefits to. the municipal 
employer by increased efficiency in plant operation and maintenance, more ^reliable reports 
arid records, and more confidence in the operator's .recommendations for repairs and. 
improvements. A typical certification program is described in reference (12). 

Table 16-3 is a. list of some nationally recognized schools and training programs for waste- 
water treatment plant operators. The proceedings of a national conference on educational 
systems ^01^^ operators at Clemson University contain thorough analyses of training 
problems (13), > .. 

InitiaLand annual . "budgets must provide adequate funds for training. It must be assumed. \ 
that hiost people wish to advance, as they mature, to higher pay levels and added'' 
rjesponsibilities. The budget must take into consideration the training of replacements as a 
re|ular occurrence. . . . . C 
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TABLE 16-2 

TYPICAL EMPLOYEE PREFORMANCE MATRIX FOR 
EXTENDED AERATION ACTIVATED SLUBGE PLANT (2) 



Task 



INITIAL OVERALL INSPECTION 

a. Quick Visual Inspection 

b. Check Maintenance Schedule 

c. Record Maintenance Jobs 



V 

CHECK AND MAINTAIN EQUIPMENT 
AND TANKS ' 

a. Maintain Inlet Area 

Hand Cleaning of Screens 

Removal/bisposal of Debris 
Comminutor Cleaning 
Cdmminutor Maintenance 
> Clean Inlet Area 

b. Maintain Blower Equipment ' . 

Check Blower and Equipment 
Clean Filter 

Blower and Pump Maintenance- 
(Oil Change) ^ 



Skill 



Operator II 

(Most Skilled) 
Operator II 
Operator I 

(Intermediate 
^ Skill) 



\ 



c. Clean Aeration Tank < 
Check, Scrape and Hose Down 
Aeration Tank 



vTime. 



0,08/Day 

0.08/2 Days 
0.25/Week 



Helper 



0.30/Week 



Weekly 
Average 
hr . 



0.56 

. 0:30 
0.25 



Helper ^ 


0.75 /week 


0.75 


(Least Skilled) 






Helper 


0.50/Week 


0.50 


Operator I 


f 0.50/We6k 


0.50 


Operator II 


j 0.12/Week-.,/ 


0.12 


Helper . 


0.08/Day 

1 . ■ 


0.56 


Operator I / 


0.04/Day 


0.28 


Operator! / 


0.50/4 Weeks . 


0,12 


Operator II 


. 0.50/8 Weeks 


0.06 



0.50 



d. Maintain Air and Return Equipment 
' Inspect Equipment 
^ Clean Air Diffusers , 

Operate Foam Equipiment 
Clean Foam Equipment 
Adjust SluBge Return 
Clean Shidge Return 
Operate Skimmer Return 
Clean Skimmer Return 



Operator II 
Helper 
()perator I 
Helper 
Operator II 
Helper. 
Operator I 
Helper 
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4 



0.08/Day 


0.56 


0.50/2 Weelcs 


0.25 


0.25/2 Weeks 


0.13 


0.50/4 Weeks 


6.12 


0.16/3 Days 


0.38 


2.00/4 Weeks 


0.50 


0.16/Week 


0.16 


•0:50/4 Weeks ' 


0.12 



Task 



Time 
A hr ■ 



Weekly 
Average 
hr 



CHECK AND MAINTAIN EQUIPMENT 

AND TANKS (Continued) I \ 

•• ■ ■ . 

e. Clean Clarifier' -j.^ 

Clean Sidewalls, Weirs, and - Helper 

• Still Box 

Scrape Clarifier Hoppe^ Helper 



f. Sludge Removal 

Sludge Wasting 
Disposal of Sludge - 
Clean Slud^ System 

Chloriiator Maintenance 

Inspect anb "Adjust Chlorinator 
Cle|n Chlorinator and Feed Line 
Refill Chlorinator System 



Operatoi; II 
Opearator I 
Helper 



Operator 11 
bpli^tor I 
Operator I 



0.25 /Day 
0. 1 6/Day 



1.00/Week 
2.00/Week 
0.50/Week 



0.08/Day 
0.50/2, Weeks 
0.50/2 Weeks 



1.75 



1.12 



1.00 
0.50 



0.56 
*0.25 
0.25 



h. Other . " 

Clean Decks; Weirs", and Troughs 
Clean and Store Maintenance ' 
Equipment , 

PERFORM'TESTS AND MAINTAIN 
OPERATIONALJLOG • 



Helper 
Helper 



0.50/Day 
0.50/Day 



3.50 
3.50 



a. 


Influent Characteristics 


Operator I 


0.02/Day 


0.14^ 


b. 


Aeration Characteristics 


Operator II 


0.08/Day 


0.56 


c. 


Clarifier Characteristics 


Operator U 


0.02/Day 


0.14 


d. 


Effluent Characteristics 


Operator I 


0.02/Day 


0.14 


e. 


30-Minute Settleability Test 


Operator.II 


0.16/bay 


1.12 


f. 


DO Test 


Operator II 


0.1 6/Day 


1.12 


g. 


pH Test • • 


Operator I 


O.OB/Elay 


0.56 


h. 


Chlorine Re|i^ual Test 


Opearator I 


0.08/Day 


0.56 


i. 


%0D5 Test 


Operator II 


0.40/Week 


0.40 


j.- 


Suspended Solids Test 


Operator II 


1.00/Week 


1.00 


k. 


Daily 


Operator I 


0.08/Day 


0.56 


1. 


Other Recordings 


.Operator I 


0.1 6/Day 


1.12 


m. 


Maintain Books and Test Site 


Operator II 


0.50/Day 


3.50 




(Room), Other Test Preparation 








MAKE OPERATIONAL ADJUSTMENTS ■ 








a. 


Remedial Measures - Other 


Operator II 


1.00/Week 


1.00 
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Task 



Skill 



Time 



Weekly 
Average 
hr, 



FINAL AND PERIODIC OPERATION- ' ' 

i%r~~ ~ ^ ■ 

Maintain Control System . ^ ; Operator II 

,b. Clean Up Plant Site , Helper 
c. fOutside Contancts and Other 

• Maintenance Operator II 



1.00/Morith 
4.00/Webk 

*0.16/Day 



0.;25. 

4.00 
1.12 - 



TOTALS 



Helper 
Operator I 
Operator II 



17^67 hr/Week 
■1.01 hr/Week 
13.75 hr/Week 

38.43 hr/Week 



f TABLE 16-3 



.PARTIAL LISTING OF 



-; SCHOOLS ANDTRAINING PROGRAMS FOR PLANT#OPERATORS 



1- ^Cridrles County eommunity College, Maryland - 2-year Associate's Degree and several; 
specialized short courses. • . *' • »^ 



ConK^t: Director 

. Polljidon Abatement Technology Department 
^ Charles County Cosnmunity College 
Bqji 910 ^ V 
* LaPlata; Maryland 20646 



Telephone- (30 1)g34-22S: 



.2. ^SoutherfiSHaine Vocational Technical InstitutI, Maine - ^moftth specialized waste- 
' ^ water operation and severalishort coffses<and mobile training unit. . 
f Contact: Chairman . . . 

^chnology Dapartment'* ^ ^. • 

^ Southern Maine Vocational Technical Institute ' # 

One Vocational E^ve ^ ^ g ^ 

South Portland, Maine 04106 J ^ 

^ Telephone -(207)799^303 f 



Syracuse University, New York - severar2-\yeek short courses on specialized waste- 
water topics. 

Contact: Civil Engineering Dept. ' Environmental Manpower Div. 

Hinds Hall on NYS Dept. of Environmental 

^ Syracuse University . ■ . Conservation 

' Syracuse, New York 13210 ' * . 50 Wolfe Road 

Telephone - (315) 432-23 1 1 , Albany, New York, 1 220 i 

; ' Tdephbne- (5 18) 457-6610 

» ^ • ■' ' *• 

Lowell Technologfcal Institute, Massachusets - several cpurses of varying length c- 
both day and evening classes available. * 
Cdhtact: Division of Water Pollution Control 

) Training Section . . . 

Lowell Technological Institute . * . * 

Lowell, Massachusetts 01854 
Telephone -(6 17) 45^-71 93 . 

State University of California - correspondence course on basic wastewater operation. 

Contact: Dept. of Civil Engineering 

State University of California at Sacramento > 

Sacramento, California 59819 : ■ . 

Telephone - (916) 454^982 

Water & Sewerage Technical School, Missouri - several wastewater treatment plant 
operator's courses for different types of wastewater treatment. 
Contact: Water & Sewerage Technical School 
Box 348 

Neosho,, Missouri 64850 
Telephone -(417) 45 1-2786 

Clemson University, South Carolina — correspondence course manual for wastewater 
plant operators and individual courses for different grades. 
Contact: Clemson University 

Clemspn, South Carolina 2963 1' 

Telephone - (803) 656-33 11 

Univ-ersity of 'Colorado, Grolorado - Fundamentals (of Treatment) course, instrudtor's 
papers. . " . 

Contact: Water and Wastewater Plant Operator's School 
University of Colorado ' 
Boulder, Colorado 80302 
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Training should be limited to those operatipns or tasks that will be expected of the trainee 
within "a short time. Otherwise, trainees should be givglh refresher training before being 
entrusted with an unfamiliar task. Recent trainees should be frequently checked, because 
most of them will need some help tcf adapt techniques to unfamiliar conditions, until they 
have had several months on the task. 

■( ■ . ■ ■ . • 

16.4 Operation and Maintenance (O&M) Manuals ' . 

• • . * 
Title II of PL 92-500 authorizes the award of construction grants for wastewater treatment 
works. One additional provision, stipulated in tht Federal Register of 11 February 1974, 
is thaft: • • / . . 

^ (a) The grantee must make adequate provisions satisfactorx to the Regional Adminis- 
trator for assuring economic, efifective, and efficient operation and maintenance of 
such works in accordance with a plan of operation approved by the State watet^^ 
pollution control agency or, as appropriate, the triterstate agency; after construction 
thereof. 

(b) As a minimum, such planjhaJLinclude^provision for: 1) an operation and mainten- ' 
ance manual for each facility, 2) an emergency operating and response program, 3) 
properly trained management, operation and maintenance personnel, 4) adequate 
budget for operation and maintenance, 5) operational reports, and 6) provisions for 
laboratory testing adequate to determine influent and effluent characteristics and 
removal efficiencies. 

(c) The Regional Administrator shall not pay 1) more than 50 percent of the Federal 
share of any Step 3 (construction) project unless the grantee has furnished a draft of 
the operation and maintenance manual for revieWi,, or adequate evidence of timely 
development of such a draft, or 2) more than 90 percent of the Federal share unless 
the grantee has furnished a satisfactory final operation and maintenance manual. 

The U.S. EPA has prepar6d guidelines and other criteria for the preparation of O&M 
manuals (14) (15) (16). Within these criteria, an O&M manual must be prepared to meet the 
unique requirements of each specific plant asdefinea by the qualifications of the personnel, 
the complexity of the equipment, and the amount of work that can be done inhouse by 
plant staff ^ 

' ■ . , ' ' ^ i 

O&M manuals should be as brief as possible, with well-fflus^*ted, step-by^tep descriptions 
of: 1) the normal and emergency operation of each pro(^ss^y^ti^m-aad subsystem, anrf'^) 
regular maintenance and possible emergency operation an^ repair procedures. The prepara- 
tion of good O&M manuals requires^^ input of persons' knpwledgeable ini the probable 
capability of operators; the design operation of the. specific plant; process control; 
available backup services (i.e., rep^Sement parts, repair shops, and backup laboratories); 
training procedures; plant startup; st;^ and federal requirements; sampling and analytical 
•procedures; mechanical and electrical iMintenance; safety procedures; and record keeping. . 

Dia^ams, charts, tables, and pictures should be used to a maximum. Schematic flow 
diagram^ and isometric drawings should be used in describing systems and subsystems. 
Typical drawings that may be used ai'e .represented, in Figures 16-2, 16-3,„and 16-4. Often 
these drawings may be taken directly from construction drawings. 

■' . 16-12 , ,A ' 



TO FLOTATION 
THICKENER- 




SCUM FROM 
SCUM M.H.- 



PLUG VALVE . 

CHECK VALVE 

REDUCER 

MAGNETIC 
FLOW. METER 
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: FIGURE 16-2 

; ■ ; • ■ ' ■ 

SECONPARY SLUDGE AND SCUM PIPING SYSTEM 
(NORMAL WASH AND SCUM PUMP OPERATIONS) 
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A reference library sKould .accompany the O&M manual-,. Suggested reference books are 
listed in Table 16-4.; These would vary, depending: oii' specific processes and treatment 
systems' employed. The. manufactujj^manuals should be. ^"a^^^^ by systems; i.e., 

. chlorination, sludge, and scum; aeraffion, chemical feeds, electrifcal, etc., bound in separate 
; volumes, labeled, page numbered, aiAl . indexed for easy reference. The author of the 6&M 
manual can then reference specific pages in the reference bopks or manufacturers' manuals, 
rather than prepare detailed descriptions for insertion in theO&M manual. 
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table; 16^ 

• possible references for an operator's libraryl 

•■ ... " ■ . ■ . . , . . ■ • 

\. Standard Methods for. the Examination of Water and Wastewater APHA-AWWA- 
WPeF(l971). , ,■ 

2. f^a/er Annual ASTM standards; part 31 (1974). * 

.3. Manual of Methods for Chemical. Analysis of Water. and Wastes. U,S, EPA, Office of' 
Technology. Transfer (1974). , . 

^ y ^ 

4. Manual of Instruction for Sewage Treatment Plant Operation. New York State Depart- . 
. . • ment of He|lth, Health Education Service (Albajiy, N.Y.) 

5. Manual of Wastewater Operations: The Texas V^ater Utility Assoc., Texas State Depart- 
ment of Health,- Austin, Tex. (1971) ' 

-• 6. Operfltion of Wastewater Treatment Plants. Sacramento State College California- 
. WPCA, and U.S. EPA, Office of Water Programs (1970). . ' 

7.. Correspondence Course Manual for Wastewater Plant Operators: Cdlumbia, S.C. (1969). 

8. "Safety in Wastewater Works." mcf Manual of Practice No 7 Washihgton D C 
(1969). - ■ : ' ' 

V 9. "Chlorination of . Sewa-ge and Industrial Wastes." "WPCF Marti/a/ of Practice No 4 

;■ . (1951). ,. ■ •, ■. ■ ■■ 

10. "Aeration in Wastewater Treatment." WPCF Manual of Practice No. 5 ( 1971 ). 

11. ■ 'Sewer Maintenance." Pl^/'CFMarti/a/oy/'rac//ce A^o. 7-( 1966). , 

12. ; "Uniform System of Accounts for Wastewater Utilities;" WPCF Manual of Practice ' 

No. JO (1961). 

13. ''Operation of Wastewater.Treatment Plants.'' Pl^PCFMartwa/o//Vac/^^^^ ll'{\91Q). 

14. "Public Relations for Water Pollution Control." WPCF Manual of Practice No 12 
■" (1965);. . • , . ■ 

. ■.' ■ . ■ ■ ' ■ ■,: 16-16 ' ■ ,;. •■ ,^ 



15. ' "Wastewater Treatment Plant Operator Training Course One" (without ^visual aids). 

WPCF Manual of Practice No. 13 {\966). 

1 6. "Wastewater Treatment Plant Operator Training Coiirse Two" (without visual aids). 
WPCF Manual of Practice NoM4i\961). \ 

17l . "Paints and Protective Coatings for Wastewater Treatment Facilities." WPCF Manual 
of Practice No. 17 {\969). , 

18. Handbook for Monitoring Industrial Wastewater: U.S. EPA, Office of Technology. 
Transfer (August 1973). f 

^The best selections will vary, dependrng on needs of specific treatment works. 



The unit process systeni and subsystem descriptions should include most, if not all, of the 
items shown in Table 16-5.4f ah item is adequately described in one of the references, only 
essential or special information should be included in the' O&^I manual on. that item. The 
reference should be identified l^y volume and page for easy and quick availability to the 
operator. \ ^ 



TABLE 16-5 y 
DESIRED DETAIL ON EACH PROCESS SYSTEM IN O&M MAKUAL 



Purpose': 

. Simple Statement of Purpose. 

Djefkcription: ' ' 

Utilizing a Schematic or Isometric Sketch, Describe the Elejnents of the Process 
System or Subsystem. ' 

Design Criteria: . * 

(1) Unit Sizes and Capacities ^y!^ , 

(2) Hydraulic and Organic Loadings^ ' . 

(3) Detention Times. 

Flow* Control (Regulation ^nd Distribution of Wastewater).-? 
(1) Manual/Automatic ' V . 



(2) Weir Settings 

(3) Pump Speed Set|to§s 



, "^4)l Gate Openings J ■ ' 
" ' (15) Maximum Water Elevation and Ranges , 
' (6) Bypassing the System or Subsystem. > ' ' 

i . V , ".*■'. '" ■ ' ■ " ' ' ■ 

■ ' . * . ■ ' ■ . ■ ' ■ ', * » 

Process Control and Performance Evaiti^ition: . ; " ^ * . ' • 

. (l') .Equipment Controls: Manual; Au^^^^ 
; . (2) Performance Ev^^^ 

. T Evaluation, arid yisual Evaluation ' 

. ' (3.)V Process Tfo^M^^^ - * - 

; ; . Definition of Problem^ ^. ;\. 

' V Effect^on Prd^^ife;^ ^ 

. , . Possible Remedies ' '. 

r * • Remedy Reference. ^ _ / 

. Normal Operation : V V ; ' 

(1) Normally On-line Systems ,/ , 

(2) Norpial CoiitrolAnstrume|itation Settings ' , • 

. .'v ■;■ Weir Settings • * / 

Wet Well Levels . ^. 
' ; RPM Settings . ' ■ 

High-Low Speed, etc. 
(S) Startup and Shutdown Procedures. ' -V 

Emergency Operations and Safety Considerations: 
v;*^-^^^^^ Uwsiial Conditions Specific to Unit Process. 

- . (2) Emergency Operation Procedures:. \ . 



16.5 Monitoring , . ^ ' ■ 

■ ■■ ^ - •■ . '■ ■ . ' ^ '■ ■ ■ . . . . • ■■ ■ • ^ ' • '• ■ 

■ ■ ■ ■ ■ . ■ ■ ■ ■ . . .' " 

Federal and State efHuent and receiving -water quaUty standards require that certain pa- 
rameters of small wastewater treatment plant effluents be monitored (17). The specific 
regulations stipulate which characteristics are to be monitored, where. and how often. The 
U.S. EPA secondary treatment effluent standards require regular BOD5 , SS, and coliform 
tests as a minimum. More stringenfrequirements than are in the EPA definitiofi of 
secondary treatment are sometimes needed ^o meet regulatory standards in different a^as 

For small wastewater treatment plants with flows less than 1 mgd, the minimum sampling 
frequency may be a monthly test of the plant effluent ' for BOD5 (mg/D, SS <mg/l), 
settleable solids (mg/D. pH, residQal chlorine (mg/1), and fecal coliform (J^PN per' lOO ml) 
on a weekday (not Saturday; Sunday, or a holiday) when flows are being measured. The 
samples tested should be 8-hour composites, except for the chlorine residual, which should 
be a grab sample (19). ] . ' ' _ 

^ ■■ ''' y :■' 16-18 ■ ' ' " 

■ ■ ' ■ ■ ■ dn^ '■ 



ERIC 



Additional sampling and testing may be required for process control, at specific plants, and 
to obtain data for future upgrading design (20). A samplingiprogram established for each 
wastewater treatment plant must include: 1 ) location qf sample; 2) analyses to be m^de; 3) 
information as to >yhether the samples to be tested are to be based on grab or 2-, 8-, or 24- 
hour composites; and 4)j';information as to whether the composite is to be based oh samples 
" tijken at 15-minute, 30-^inute,'or l-hour intervals. Table 16-6 shows a typical sampling ai^'S 
analysis schedule for an aerated, facultative lagoon treatment plant in which the pond 
effluent passes thrc^ugh a slow sand filter, is chlorinated befpre discharge, ancTilliust meet* 
stringent stream water quality .standards. ■ \ ' » . 

■ . ■ ' ' ■ . ■'• : ^ 

Manholes, sampling, ports, or taps should be provided to secure samples from all process 
and plant influents: and effluents. The interprocess connectioijs also should be designed so 
that air interprocess flows can be sampled and measured for control purposes. In .other 
words,^ monitoring requires knowledge of the flow rate at the time each sample is taken. 
Monitoring of a wastewater treatment plant migHt require at least periodic measurement of 
several of the following: DO, pH, temperature, TKN,' HN3-N and ^03:^1^, phosphates, 
nitrifier-inhjbited BOD (fojf 2-, 3-, 5-, and 7-day incubations), oxidation-reduction potential, 
combined chlorine, free chlorine, settleable solids, totJ^l SS, turbidity, alkalinity, TOC, CXDD, 
-insolation, wind velocities and directions, predpitation and evaporation, in addition to plant 
effluent BOD5, coliform, and SS levels. Many of these parameters carl be monitored auto- 
matically. D.ecisiqns as to wjiicK characteristics are essential for satisfactory plant operation, 
or are required for confroly should be made during the design stages before i:he plant is 
constructed. The selection of a monitoring plants discussed iij! Reference (2 1 ). > 

^ ■■ ■ . ■: ■■' ' ^ ■ ■ ; ' ■'■ ' 'a ■ ''. 

16.6 Laboratory Facilities- , . , , ? "* * ^^ . ■ 

■ • ■ " : , ■ • ■. ■ . ;. ■.' ■' ■ " ' 

Recommfended* labbratofcy facilities are generally discussecfein references < 19) and (22). 
Municipal wastewater treatment plant laboratories, however, must be specifically tailored 
for each ihidividual installation. ' ■ ' 

If a t^ackup laboratory is not easily available, the facility should include, as 4;miitiiri^^ 
laboratory testii>g facilities ;to analyze wastewater samples for BPD5 ,.SS, settl^alb||^:^lid^^^^^^ 
pH, residual chlorine, and fecaf coliforms. Even part-time operators should ^be ] 
run these tests and be expected to perform them regu . . V ^ u^^^^^^ 

^^^bciiment Estimting Laboratory Needs for Municipal Wastewater Trea trnent Facilities 
Cl/^^jtates^ that the: laboratory space/required will npmall^ bej-n les's than 150 ft2 (14 m?) 
figam^ and treatment "ponds, or. 180 ft2 (17:-n;^2) niinim um f(y a sludge, 

^I^S^Ghemicai, or AW^ plants. The equipment needed for process.and effluent control at 
plants l||ller than l mgd is listed In Table 16-7". This equipment jtiustbe cbmpatiblQ with 
processesv^lected and the monitoring program. Additional items, other than those listed in 
Table 16-7, may be needed for some plants. 

The Enforcement Division of EPA region Vll (23), prepared a list of laboratory equipment 
required to conduc^l satisfactorily' the analyses of wastewater samples for BOD, pH, SS, and 
fecal coliform. This -equipment list is presented ih Table 16-8. 



f ABLE 16-6 




TYPE. Op ^ SAMPLE,- 
C - .COMPOSITE ' SAMPLE 

6 - GRAB SAMPLE 

■ ■ ■ ' ■ ' ■■ ■ • ■ . 

'Cj- ,8 HOUR COMPOSITE 

OF 'SAMPLES TAKEN 

EACH 2 -HOURS . 



■ FREQUE:NCy .,0F .SAMPLE 
. D -. OAILY • 

> - WEEKLY (every 8 day«V 

t^ONTHLY (every>Vd 

- Q.UARTERLY'(Jan,Apr 
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TABLE 16-7 



1-MGD 

OR SMALLER WASTEWATER TREATMENT PLaNTS. WHJfekE BACKUP 



EKLC 



'^'l-^^^^^' Microscope 



Analytical Balance * . ' . , . - 
Bookcase t 
Centrifuge ' ■ ^ • . 
Ghl^tfeJResW Recorder' 
EyeWash V. ■ . ■ ; 

Pile Cabinet . . V . . ■ . ■ . 

Flo^y Meter With'Totalizer/Indicatof * 
Fume Hood 

Hot Plate - * : 

Incubator (BOD) • - 
Incubator (microbiological) ; 
ah Stool / 



' Muffle FurnaceN . ' " : ^ ^ ■ ■ 

Oven pH Meter ^ . ■' . . •; ' ■ : ■ 

■■-■'■* . ■ ■' ' , ■ . . ' \- ' ■■. . • ' 

Pujlip <VicuunYpress^^ ^ " . , V V: ; ; ^ 

■Refrigerator, ■■ ■'■ ^' ; -v'fr 

Safety Shower 1^; t> 

■'Sterilizer ■ V" ■ ^'-'l'. ' ^. 

Thermometers (registering) ' - • 

Turbidimetier * ' . ' -^.^ \ . 
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TABLE 16-8 



LABORATORY JgQUIPMENT LIST FOR MONITORING (23) . 



Description 



BIOCHEMICAL OXYGEN DEMAND (BOD) 



Balance, Analytical, Mettler H3P 
Beaker, 250 ml 
Bottle, BOD; 300 njl 

Bottle, Polyethylene, 8 o.z 
Bottle, Weighing, 30 ml 
Buret, 25 ml 

Cylinder, Graduated, 10 ml 

Cylinder, Graduated, 100 ml • 

Cylinder, Graduated, 1000 ml " 

Rask, Volumetric, 1000 ml 

Incubator, BOD 

Oven, Drying 

Pipet, Measuring, 1 ml , 

Pipet, Volumetric, 5 ml . 

Stirring Rods, Glass 

Support, Double Burette 

Tygon Tubing, 1/4 in. by 1/16 jn. 



Quantity 



I 

4 

2 
2 

2 " 

2 

2 

i. ■ 

1 . 

1 

2 

2 
12 
'. 1 
10 ft 



V.''t. 




REAGENTS 



Calcium Chloride SolUTf6rt, 2.75% . 
■ Dextl-ose Reagent 
Ferric Chloride Solution, 0.025% 
Glutamic Acid 

,>lagnesium Sulfate Solution, 2.25% 
Phosphate Buffer Solution, pH 7.2 
Potassium Iodi4e Solution, 10%; • 
Sodium Hydroxide Sblution, 1 N 
Sodium Sulfite' Reagent 

* SUrch Solution 
Smfuric Acid Reagent, Concentrated 
Sulfuric Acid Solution, 1 N 



32 oz 
lib 
32 oz 
100 gm 
32 oz 
32 qz 
32 oz 
32 oz 
1 lb 
16 oz 
9 lb 

32 07r 



pH meter. Corning Model 7^ 



pH VALUE 



TOTAL SUSPENDED MATTER.(nonfiIterabIe reydue) 



Balance, Analytical, Mettler //J7 
' Bottle, Wash, 250 ml 
Cylinder, Graduated, 100 ml 
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Description 



Quantity 



TOTAL SUSPENDED MATTER (rionfilterable residue) (contd.) 



'Desiccator, 250 mm ^ 

a- 

Filter Disks, Glass-Fiber, 55 mm * 
Filter Pump 

Flask, Filtering, 500 ml" / 
Forceps 

Funnel, Buechner, Plate Diameter = 56 mm* 
Oven, Drying 

Rubber Stopper, 1 hole. No. 7 > 
Rubber Tubing, 1/4 in. by 3/16 in.^ 
Silica Gel, Indicating ? 



n 



FECAL COLfFORM MEMBRANE^ILTER PROCEDURE 



; 1 

1 box 



2 

1 . 

1 
1 

4ft^ 

1-1/2 lb 




Autoclave • 
Autoclave, Pressure Control 
Balance, Triple Bean 
Bottle, Water Sample, 125 ml 
Bumei*; Tirrill \ ' 

Cylinde? , Graduated , 1 00 ml 
Cylinder, Graduated, 500 ml 
Dishes, Petri, 60 by 15 mm, 500/case 
istillation Apparatus, Glass or ^Vater 
Demineiaiizer with Cartridge ^ . . 
Filter Funnel Assembly 

Filter Pump , ' . 

Flask, Errenmeyer,.125 ml,with Screw Cap *^ 
Tlask, Erlenmeyer^ 500 ml, with Screw Cap 
Flask, Filtering, 1000 ml . 
Forqeps ' "\ \ : ' 

ItorPlate • ^ 

Membranfe Filters, 47 mm Diameter, 0.45 

Micron Pore Size S • 

Paper, Weighing ■ 
Pi pet. Serological, 2 ml » ^ . 

efrigeratdr * ^ ^ 

RKl^ber Stopper, 1 Hole, No. 8 ^ 
Rubb^T[ri5ing ,l/4 in. by 1/16 in. 
Rubber Tubing 1/4 in. by 3/16 in. \ ^ 
Spatula, 8 in. . . , . . ^ 

Sterilizer, Hot Air (Optional) ' 
Water Bath (±0.2° G) 
Water Bath Gable Cover 
M-FC Broth - ^ 

•r- . ; . 



V 1 

J 
1 

8 

1. 

2 

2 • \ 
1 case 

1 

; - 

: 8 

^'2 
1 

1 box 

1 package 

2 . 
1 

4 ••■ 
4 ft 

4 ft ! 
1 

11 
1 
1 

1/4 lb • 



^or equivalent 



1 6.7 Workshop Facililies 



It is important that ther^wntime for repairs be kept to a minimun>..If badcup .\v.o^^^^ ^ 
facilities are not readily available, a larger than minimum workshop 'should be in'cl^^d at \ 
the plant and provision made for sharing it with other community or governjrient agencies. 



be considered for different types of» plant 



Yard Tools ' • 
Rake 

Axe . , 
Pick 
Shovels 
Hoe 

Wheelbarrow . 
Lawn mower ^ 
Sledge hammer 

Miscellaneous Equipment 
Portable pump 

Folding tripod with chain hoist 
Chain sa>y 
Portable heater 
- - Sewer rods and other pipe cleaners 
Lathe 

Milling machine 
Welding machine 
Compressor 

Sewef rods andi other pipe cleaners 



Some of the tools and equipment that might 
workshops, or made available locally, are: 

• . .. 

Hand Tools • 

Hammer 

Hand saw(s)* 

Pliers ... 

Wrenches • . ' 

Screwdrivers 

Shop Equipment . . / 

Work bench with vise 

Power drill and bits 

Tapping machine • > 

Soldering irons 

Grease guns 

Power grinder 

Blow torch 

Paint gun ^ 

Micrometer 

Ammeter-voltmeter 



The workshop must be a dry place and miist be able to store not only commonly used tools 
and equipment but also rented equip^nent or tools used in emergencies. There should be a 
labeled place^for everything, and tKeoperator should keep everything in its place, when it is 
not in active use^ ^» . \ 

Spme locked cabinets ^should be provided, particularly . for smaller tools; Spare parts,' 
especially those easily broken,, . that >year out oftin, or are criticaj to continuous operation, 
should also be kept in the wbricshop. 

Preventing potential ^vandalism should be considered in the design of all facilities: Chain link 
• fences should surround the site^ If feasible, the fence should be far enough from '^opfen tanks 
and.bjeakable equipment .to prevent damage from thrown rocks. In some areas, unattended 
building^. should be windowless /and equipment enclosures bulletproof; it has been, found 
for instance, . that chain link fenres may incite trespassers and vandals,' so unattended buUcN 
ings should be made of brick without windows and with roofs which are pot flammable or y 
easily damaged. ♦ . * / 
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16.8 'Safety 

M^ch has been written already on safety considerations at wastewater treatment plants. 
^> Two particularly helpful publications are the U.S. EPA background report, Safety in the 

^ Design, Operation, and Maintenance of Wastewater Treatment Works (24) and the WPGF 
• • :JlM^nual of Practice No. 1 , "Safety in Wastewater Works" (25). 
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.'■> •• ^ . ^ * ^ , • 

5. * LampV'G.E.f bauman; McRoberts, K.L., and Smith, C.E., Estimating Staffing/and 
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, CHAPTER 17 
. '• COST-EFPECTIVENE 
ITA . Background • * ^ * 

Thd' objective of cpst-effectiveness planning is the minimization- 
irig a plan to achieve approved w&t^fequality standards, a conirniif 
by Federal and State funds) will inc^Mbii^al costs for construetipi 
administrationi^ management, opQi&m^Kjf^ 
iHlust minimiz^ the total cost of P^^^^^a^^^' tO ithe public 
cost-effective plan for a community must j^M^fej regional dev^lo; 




lergy, water s: 

1^ 



. In imijlpniient-' 
etimes iftssisted 
co^js for : 

pydrtatioijvv 



stat^,;aT!d community plans for land .use^ ind 

Each of: these plans will contain basic recM^^Kgi^ must W'%^tjby 4-^^^ 
facility£)?Altemative facility plans that will i^^S^^%sic requirem^tS nvy?^ 
and cornpared, to determine which ^^xv.:*.^^^4^^%$:vtiL!t^ 



cost. • I 



;h ^plan^«^e$|;^^3^% total. re^uitem«lritS^Mi'l|e^ 



Billions of dollarsuvill be:»^n4^d^ th^*irii^|:.d^ wastewa5t^lr^^^^^ 

wastewater treatment is orvly part of the tot'ai)|f^witip^^ 
this, period. With spgjding. 

facilities must be car6fuUj^,^^^ c6st effectiv'fe-^^^ 



ness. 



17.2 Cost-Effectiveness Aia^wsi^i^ . . / 

^Iri'^'bct'ob^r 19^8^^ 

of , Watefc^<)UWori-^^^ Act, ipiublic 92-500, bebame: e^^pkr^:/' 

yoilar^Ml^ guidelines- include : . - . . ^ M > ^ 



(2) (c) 
(2). Itnportai 



^■L Plarii[^g Period >2aYQari 
• 2, Cost Elements: ; : . 



■ .V- ■ 

V - 



a. Contractors, incliAling overhead anci profit ' ^ 

b. Land> includjiig.T^loqa^^ V ; ' ^ - .^l^ ^P^' < : 

c. Engineering, including design- fidd exploratiftri, 

- construction and plant st^rtuji) ; : V , ' 

d. Administrative. and legal, including. costs of ^^n.d^«^ /f 

e. Startup and operator/ training ^ / ^ r^i i 



V 



f! Interest during constnfction . 

g. Operation and maintenance, divided between fixed anilybriabi^Wi 

wastewater flow . • 

: , 3. Prices: those prevailing at time 6f study without tonsidenjBjnflatitfrii unless all 
) prices will not rise^t same rate • . M^^^^^ 

4. Interest (Discount) Rate: 6.125 percent per year untit3^^|i^. Ij975 (5ee Table 
• 17-1). : / ■ ■ .. • 



• If* 



TABLE 17.1 



6.i25%t:^MPOUNl5 INTEREST FACTORS 



Single Payment 



Uniform Series 





CAF 


Years 


F/P'> 


1, 


1.0612. 


• 9 ' 
<z. ■ 


1 . 1 ZOZ . .y^ 


■ • 1 ■ 


1 1 n o- 


,4 


1 .2684 ■ ' 


5 


V 1.3461 < 

" •- ■ 


6 


• 1.428i ' 


; .7 


W160. , 


' 8 . 


; 1.6089 • 


9 


, 1.7074' ' 


10 


1.8120 


,' ■' *■ 




11 


•5 i:9230 


12 • 


2:040^ 


. 13 T- 


2.1jj558 ' 


14 


2.2^.85 


15 


,2.4393 






16 


2 5887 


17 


2.7472 • 


18 


■ 2;9155 


19 


3 0941 


20 


3.2836 


21. 


3:4847 


22 


3.6981 


23 


3.9247 :■■ 


24 .. 


4.1650 


25 


4.4202 " 


.26 


"4.6909 


27. 


4.9782 


28 


■'.5.2831 . 


29 , 


• 5.6067 


30 


5.9501 

> 


31 :. 


6.3146 


32 


^.7014 



PW^ ; 

-P/ F: ^- 

0.9422 ^ ^ 

0.8879V «• 
0;!8346-. 
0.7883 : : 
0.7428' 

0.6999" • 
0.659.5;- 
0.6215' 
0.5856 ' 
0.5518 

0.5200" 
0.4899 ' 
0.4617 
0.4350^ 
0,4099 

0.3862 : 
0.3639 
0.3429 . 
0.3231: 
0.3045 

0.2869 ■ 
0.2704 
0.2547 , 
0.2400 

0.2262'- 

0.2131 
0.2008 . 
0:1892 
0.1783 
0.1680 ' 

0.1-583 
0.1492 



CRF 



^^A/F - ; ' ■ _ 

i.opopo^". ..4:06l|5» :: 

1.4^8514 ='''«.54^9. v 
,0.31372 '*. -' 0.3749 . : 
6.'28941^^^^ 
';0,23820- 

p.20416- 
,6.-1^99.3 ' 



J).228%' 
0. 1^695-^ 

0-,l491,> 
.0:*-18 



CAF, 
P/A 

0.999 
2.061 
3.J87 
A382 
5.65^1. 



PWF ■ 

\ 0.94i^ : 
^Sl.830^^ 
2-666 
■ 3.4^55 
4.1^8 



V p^'005>*^ %P.16183^'' 

, b.0865'^^ ^0:14782 

'•0.07^^' 



0.06635 
050^84 
•' Q.05253 

0*425^ 

0.0?38-55 - 
0.03$^ 



0.136674..> 




%iJ6,mK^' ; 4.898 ^"^ r 

.= 5.557 -: 

., 6, 179-.-ii^:-;:: 

J 1.550 > V 6.764 -^^^^^ 
'I3.':25«i :~ 7.316 . 



^^'■•9;^41 



^'^O; 12009 
1^.11378 



0.0^80 
089 

0.03197 t^l" ^93' 
0.6pi4 ■» o!d9049 




0:02682' 



0.0246 
'0.0227fi 
0.02094" 
0.01935 
0.01790 



'VO.0'8807 ■ 
, s 

jt^ . 

:0:08590^«'- 
. /0^395 
, 0^219 
0f8(J60 
.0.07915 



37.283 

4Q.567 
44J3i52 
40b 
5J.675 
84 



• .7!83l^;;W.: 
j. , 8w7^A^t : 

;5.65t3 

rb'.oij9 ; .. 

'lOJ^ 

,11.049 

' 11.354 ^» ,' 



0.01659 
^.01539 
0.01430 
0.0 1329" 
0.0 1237 

0.0|152 
O.0I074 



0.07784 
0.0766,4 
0.07555 
0:07454 
<t^S.07362 

'0.07277 
■t 0.07199 



•' 60^€0„ 

64.I51 

'^65^.929 
.75:212 
80;819 

86.769 
93.084 



1641 
.911 
12.166.- 
M'2.406 
,1*2.632 

•12.846 
13.046 
13.236 
13.414 
13.582 

13.741 
} 3.890 
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TABLE 17.1 (Cont.) 
. 6.125% COMPOUND INTEREST FACTJDRS 



Single Payment 



Uniform Series 





CAP 


PWF 


SFF 


' CRF 


CAF ' 


' PWF 


Years 


■■■■ F/P 


P/A 


A/F 


A/P 


. f/a\ 


P/A 


' 33 


V 

7.1118 


0.1406 


0.01002 


0.07127 


< 

99.785 


i 

14.03P 


'34 


. -7.5474 


0.1324 


0.00935 . 


0.07060 


106.897 


14.163 


■'35 


8.0097 


0.1248 


0.00873 


a.06998 


1 14.445 


14.288 


36 


8,5003' 


0.1176 


0.00816. 


0.06941 • 


122.454 ■ 


14.405 


37 ' 


9.0210 


0.1 108 


0 00763 


v/.UUOOO 




, 1 J 1 0 


38 , 


9.5735 


0.1044 


0.00714 


0^06839 


139.976 


14.621 


39 


10.1599 


0.0984' 


0.00668 


0.06793 


149*549 


14.719' 


^ 40 


10.7822' 


0.0927 


0.00626 


0-.06751 


159.709 


14.812 


4r 


11.442(5 


0.0,^73 


0.00586 


0.06711 


.170.491 


14.899 


42 


12.1434 


0.0823 


0.00549 


0:06674 


181.934 


14.982 


43 


■ 12.8872 


0.0775 


0.00515 


0.06640 • 


194'.078 


15.059 


44 . 


13.6766 


0.0731 


0.00483 


0.06608 


206.965 


15.132; 


45 


14.5143 


0:0688 


0.50453 


0.06578 


220.641 


• 15.201 


46 


15.4033 


. 0.0649 


. 0.00425 


0.06550 


235.156 


15.266 


47 


16.3467 


0.0611 


-0.00399 


0.06524 


250.559 


15.327 


48 


' W.3480 • 


,0.0576 


0.00374 


0.06499 


2-66.906 • 


Jl 5,385; 


49 ■ . 


,18.4105 


, 0.0543 


0.00351 


0.06476 


- 284.254 


"15.439 


'50 


19.5382 


0.0511 


0.00330 


0.66455 


302.664 


15.490 



Where: 
CAF 
PWF 
SEF 
CRF 
USCAF 
USPWF^ 



F 
P 
A 
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Compound amount factor = (1 + i)" = $1 at compound interest 
Present worth factor = 1/(1 + i)° ^Present value of $1 due future 
Sinking fund factor = 1/(1 + 1)" - 1 = Periodic deposit to obtain future $1 
Capita) recovery factor = i(l + i)^ /(l + i)" - 1 = Period payment on $1 loan 
Uniform series CAF = (1 + i)" - 1/i = How $1 deposited periodf&lly grows 
Uniform series PWF = ,(1 + i)n - i /i (1+ i)n'= Present value of $ i payable 
periodically - 



Compound ampiint oi^.future valultf 
Initial Investment or single Payment. 
Annual investment or perjpUie payment 
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Service life: > ^ j«r . / 



. a. Land, pennanent 

b. Structures, 30 to SO years . , 

c. Process equipment, 15 to 30 years ' * 

•(J. Auxiliary equipment, 10 to IS yjears ■ A-. 
' 6. Salvage Value:/. • - 

. a. Land, full value 

. by Structures,. s|),ecific market or reuse Value at end of design period, estimated 
using straight-line depreciation 

17.3 Energy Conservation 

Energy conservation must be as carefully considered as cost effectiveness and environmental 
iitipacts in choosing the best alternative. A report entitled Electrical Power Consumption for 
W:{fstewater rrea/menr (3). contains general information on energy costs, for various typical 
treatment processes. Additional information on power requirements is presented in chapters 
9 and 16 of this manual. , 

..«._.'. 

The costs of gasoline, oil, and natural gas are expected to remain relatively high, making 
other energy sources more competitive. Therefore, the present Worth of alternative equip- 
ment employing different energy sources' should be evaluated very carefully. 

17:4 Methodology . ^ ^ . 

The literature describes many methods of cost-effectiveness analyses; in addition, state or 
regional authorities may have cost-effectiveness^ analyst gi^idelines. The primary aspects to 
be considered in seleecting viable alternatives, for a cost:«ffectiveness study include :- 

^ 1 The requirements Hsted in the U^. EPA Cost'e^^^tivS^ss Analysis Guidelines (2) 
2. Minimum quality criteria forthe receiving wat,^>r iSra as established by Federal^ 
Stat^, and regional governments ' 'fr" ; . 

^ 3. Effluent quality requirements ; * ^/ * 

4.' The possibility of some forrn of land dispesal (usually considered by the EPA an 
alternative to be studied) ^ , 
) 5. Environmental compatability requirements, as estabilished in the National 
, Environmental Policy Act of 1969 
• 6. Area and jegional mast^.plans ♦ 

7. FinsMftl^al' Capabilities of the community to meet initial and annual wastewater 

costs , r 

8. Available energy resoutces, both short and long term v 
•9. Local capabilities for!f.op6ration and -maintenance of wastewater facilities 
10. The habits, attitudes, and^cial patterns of the residents of the community 
^ ■ <t' 

The short- and tong-term effects oMhe community and region of not building or of phased, 
constjuction should also ibe ^oi^sidlied. Building facilities in stages is sometimes the only 
feasible altemiative. . - ' ;? < 

• • ■ - 17-4 . 



In studying alternatives, the designer should mcliide vulnerability studies and costs of stand- 
by emergency facilities for each feasiblej^^^^^^^ FiVe steps in red ucingg^y stem vulner- 
ability include: ' 



1. 

2. 
3. 
4. 
5. 



List disastrous events that coulci'i^mfe 

Examine the system's vulnerability tb each type of possibly disastrous event. 
Determine critical com^o^^nts and design protective measures. 
Determine the cost, of protection. vei^us the cost of loss of service of the system. 
. Recommend the appropriate actions; ; : " 



Some of the areas benefitting from clean water include recreation, aesthetics, community 
/. water supplies, fish and other aquatic life, wildlife, agriculture, industry; channel and ship 
maintenance, corrosion control, and commercial fishing. Some of the costs of a wastewater 
treatment facility to a community include damages caused by odors, noise, aerosols, and 
damage to aesthetics. The added cost of new technology to make each alternative partially 
or wholly environmentally compatible should be included in any 

If interest rates are high, phased construction to minimize unused capacity must be care- 
fully examined in any cost-effectiveness analysis. Public participation in the final fevaliiation 
of the cost'effectiveness analysis is essential, particularly if costs miist be increased to 
achieve environmental compatibility. 

Reference (4) presents methpds to be used in preparing estimatesqjof capital and'annual 

costs; these methods may also be used in the cost estimates of selected alternative solutions. 

■♦ . ' ■ • _ . 

1. Treatment plant; equipment, instrumentation, piping and plumbing, electrical, 
heating, ventilating, air conditioning; structures, buildingSj outside storage and 
Coo^yeyance, interconnecting process line?, tankage ' 
. 2. Ancillaiy utilities and service: electrical, steam, fuel ' . 

3. ' Site improvements: ancillary structures and buildings, engineering, owner admin- 

istration, startup and operator training, lanti, contingencies. • ' % 

-- . --■ " f - ■/ ■ , r J.. 

Estimates Of annual costs should include: 

1. Annual capital charges • . V,, 

2: Interest of nondepreciable capital investment ^ " , 

• 3. .Amortization of royalties, licenses, auid fees ■■ .' " 

4. Direct operating c©sts ! 

5. Operating and maintenance labor < 
. ; 6. Fuel, power, steam, utility water 

^ - ■ ; 7. Supplies and maintenance materials . ' , 

' 8. -Contract services 

■ 9.. . : Raw materials ' , - 

■ lOylCheniicals ■• . - ' 
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11. Transportation , 

12. Residual waste* disposal . 
'3. Indirect operating costs 
.4. Administration and staff 

5, Taxes 

6. ^. Insurance ? ' ' . . 



Each 
(4).. 



|0f the above capital and annual cost estimating items is explained in detail in reference 



1 7.5 Cast Effectiveness of Infiltration7lnflow Reduction 

The Federal Water Pollution Control Act Amendments of 1972 require all applicants for a 
treatnient works grant to demonstrate that each- seWer system .discharging- into such treat- 
ment v^Orks is not subject to excessive infiltration/inflow (I/I). The objectives are to: ' 

1. . Eliminate untreated vyastewater bypasses and overflows 
k Lower total costs of treatment works . 
^. Avoid construction of unnecessary treatment , works capacity 
Reduce total wastewater volume 



The lajrt three objectives are based on cost effectiveness. Such a study should include 1.) an. 
in-depth, rigorous, economic analysis, based on detailed records of all costs plus the docu- 
mentation of corrections made, the Reduction in I/I. resulting from the cojtectiohs,. the 
durability of repairs made by sealing, and .overall performance of all correction methods 
used; and 2) an evaluation of the costs of' all alternatives with and 'without correction. 
I/I Sufficient detailed cost information relating to specific quantities of I/I treated, and 
quantitative reductions in. I/I achieved must be available before this evaluation can be made. 
It may be desirable, to make periodically (at 5-year intervals), for example, such an evalua- 
tion-, to checl^'progress, upgrade program, and verify -^economics.' Thi^ study should be' 
i;equired for all applicants prior to stage 2^,work, even if the preliminary analysis 'did not 
demonstrate the need for a preliminary^ evaluation survey and I/I correction program prior 
to stage 1 work. The economic' evaluation study allows confirmation of correction of^all 
decisions made previously. - ■■ • - 



17,6 Costs 



Average initial' and annual coSfts for 'Sm^aH Vastewater treatment facilities are shown on 
Figures 17^1 and 17-2. iThese costs are . based on generalized- ] 973 values.. Technological 
/ advancements,, more reliJbihty, and changes, in regulation make invalid the use of these 
^curves for. other than broad conclusions. Cost indices can be used to convert cost data based 



on past 



conditions to present conditions. Because they cannot take into -account all techno- 



• logical and economic changes, these indices must be considered general. Cost indices shouTd" 
. be used only to update costs no more thap 10 years old. indices commonly used in the 

United States for wastewater treatment facilities are prese/ited in Table J 7-2. For costs of 

* wastewater treatment processes, the EPA cost index is usually most suitable. 




seo 1000 2000 

.COMMUNITY SIZE (PERSONS) 



FIGURE 17-1 



INITIAL.COSTS.OF WASTEWATER SYSTEM c6mP0NENTS (4) (5). 



.V* ' i' .. 



. " 17-7 




10000 



f '". ANNUAL COSTS OF WA^tEll/ATER SYSTEM CO^/lVoNENTS (4^5) 



4 



' TABLE 17-1 ^ : V . 
COST INDICES (Average Per Year) 



EPA 

Chemical Sewage- 



-x. i . ^ ■ Engineering Engineering ,^ Enginefe^ng :Treatn1ent . 

; MarsftaU &'Stevens' y Islews-Record Hanyy-Whitman News-Rej:brd ' Plant ; * Plant : 
.• installed Equiprneht '^^iGofikructior^. Index for Water Building.fcost / Construction. Constructjbn- 
Indices' " ; ; ; ' Jndex Treatment Plants^ : Index » Indexv " - Index;/ .'jg 





19 76= inn • ' 

1 y 1 \J\J. 




0 ^ .1936=100 


1 Q 1 T— 1 nn 


1 Qr 7 1 o<cQ— 


1 nrk IOC? '1 oc'o— 

iuu iyj/-iyjy- 




■ All"^. 




T arop 


»^mall 






100 


;Year 


Industry * 




Plant 


Plant 








^ 1950 /• 




' ■ 51 g. 


■ >' 

.210 


'91 


/ . ■••■375 ; ' . 


.i . ^--^ ■ 
74 




^1951 


ie^l80 


... 543' 


' 225 ' 


229 


/ /■'400' ^ 


.80 




:\i952.-{^i^; 




569 ' 


235 


235.* J 


' . : 416.. 


\ -81 




1553;U: 


/: 1^3. 


. 600' 


■ 246 


246 / 


431; 


-85 




•■ 1954 


'185 . 


V 628, 


. 251 


■ 251-' 


.' 446. ; 






1955 


191 [ 




V 2^8 


257 •■ 


465: 


• 88 




1956 


■; 209 . V 


wo 


• • ■. 275 


276. 


491 V* 


' ' . '94..- 


r ' ■ v.. 


1957 - 


" ■ : -225 ". . 


' 724. 




2j89:' 




V - ; 99 > 




1958 


229 


■ : 759 


Zyp ■ 




■ c<-^ /■525- ■ 


.100 


-102 


•1959 


^^ 235^ 


797 ' 


'111 
.311 


309 




;* ■ 102 ■ ' 


. J 1(>4 


19.60' 


'238 


■824 ; 


'.317' 


317 ■ 


559 


102 . 


^"^"^105 


1961 


^ ' ' 237 


847 


^ :;'.315 


315 


■ 568^. 


■ ivOl 


. 106 


1962 


. 23) . 


;^872' 


;.; ^ ^324 


322 


580 \ ■ 


J02 


107 


1963 


239 '.. 


?901^ 


■ ; ::'-330 


"327 


5^4^ . 


. .102'. 


100 • 


1964 


242 


936 


^- : 340 


336 


'.612. 


^ 103. 


110, . , 


1965 


. 245 


# ' >7l; 


/ '^350 


346 


, .627 ; 


M04 


> i-vT: ' 


1966 • 


■252 ' 


' / '1021 


. 368: . 


■362 


652-/:'. 


^ 107 


■ ,116 ■ 


•19'67 . 


^263 


V .10433 


: 3803 


3743 


. . , 660--N 


1- no . 


119 ; . 


1968 . • 


• 273 


' 1.1113 


■398' 


389 


■'^ ' 695 


.114-. 


I^:-:'.- ' ■'■ ■ 


•fl969 . 


2.85 ■ \ . ■ 


12063 


. -441 


424^'. 


760^ 




llife-:- .132- 


1970. 


• 303. ' 


131l3 
^ 1465^ 


480 


462 ; 


.801 • 


'126 


i^L - .143 • ■ 


1971 " 


321 ' 




'v , . 


: ;'877 


132 




1972 


• . . 332 


: '16663^ 






■ '1013 , 


;^,'.ia« ; 

,144 .. 




^1973: 


'344 


■ ' l'^12"5 




'^1113;. . 


. ''182- 


'l974 


398 \ 


1935!^ 






V M50^. 


1(55 


: 217: ■ ,, 


.~ 1975 


444 


" 2125?^ 






•-v',:.-1260^ ; 


/ 182- 


.,, •' . ' 25b ' . . 


1976 
1977 ' , 


472 
.: / 49l4 


2540^. 






'.1367^" 

\- 1520^': 


.192.: 

> . 199^- 


■■2^2' .,• 

y 

















^Based on July, of year. ' 
" ^Based on March .pf year,. 



Based.on January of year. 
"Based on first quarter of year. 
Based o^^June pf yeai^ . 
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Tchobanoglous, converting costs to July 1973 values, ^prepared comparative costs for the 
most commonly used wastewater treatment processes at a design flow of 1 mgd (5). 
'Estimated initial capital and total annual costs, .adjusted to ap EPA STP cost index, are 
presented in Tables 17-3 and 17-4. The ratio of costs for the population of a specific 
community to costs for a population of 10,000 may be determined from Table 17-4 and 
•1. ' ^ 



Figure 1\7- 



A* survey was conducted (6) of unit costs of^the unit processes at 40 wastewater treatment- 
plants. The. results, adjusted to an EPA STP cost index of 225, are presented in Table 17-5, 

In 1970 Michel (7) statistically analyzed data on municipal waste treatrhent and developed 
cost equations, based on design population for different types of treatment, as follows: 



Co = dF 



where 



C^, = # capital costs 

Cq = # annual costs 

P = design population 

y 

a, b, d, and e Constants (see Table 17-6) 



1. 



In 1974, Tihansky (8) summarized previous cost information on wastewater treatment 
costs and described the state-of-the-art on cost formulations from historical perspective. 
Reference (8) contains a comprehensive list of references on municipal wastewater treatment 
costs. * - 

Such' factors as ground-water or poor soil conditions could necessitate more co^ly 
structures, if site conditions are not fully investigated. For example, uplift of structures, 
because of rising groundwater, fouif^ation requiring piling, tight sheeting for excavation and 
dewatering, pumping to keep groundwater levels low/ and. many other conditions must be 
included in estimates for the structures required for a specific location. 



TABLE 17-3 



estimatedX^apitalcost^s for alternative treatment processes 

WITH A DESIGN FLOW OF 1 mgd (6) . 




Process 

' \ 

Stabilization pond 

* ■ ■ 

Extended aeration, aerated pond, or oxid^ation ditch ' 
Rotating Biological Contactor (RBC)^ 2, 3 
Trickling Filter^' 

Complete Mix or Contact Stabilization^' 

Land Disposal (Infiltration/Percolation) 

" ■ ■ "r^ , ^ . . 

Including Primary Treatment f 
Including S^econdary Treatment 

Land Disposal (Irrigation or Overland Flew) 



Including Primary Treatment 
Including Seconda^/ Treatment 




$ X 103. . 
200-300. 
400 - 600 
700 - 1\|)00 , 
200 - 1;000 
90b'- 1,000 



760 -'900 
580- 1,320 



880- i;040 
, 700- 1,460 



Note: Based on a July 1973 EPA STP Cost Index of 1.83. Excludes disinfection, land, and 
' t wastewater collection and transmission cosjs. Includes' contractor's profit, and allow- 
ance for contingencies and engineering. 



' Includes Screening. 

^Includes secondary sedimentation>and sludge drying beds, 
^includes primary sedimentation and digestion. 
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. TABLE 17-4 

7' ■ '.\ ■ ■ , ■ . ■ 

• . ESTIMATED TOTAL ANNUAL COSTS FOR ALTERNATIVE ' 

TREATMENT*PROCESSES WITH A DESIGN FLOW OF 1 mgd (5) . ^ ' 

' ■■ ' \ ' ' f" 

Initial ^apltal Annual Cost^ 
. Process . ' ' ' , CcJ/ Capital2 • O&M^ - Total 





$ x4i03 


$ X 


103 




Stabilization Pond 


250 • 


27 45 






Extended Aeration, Aerated Pond^ / ' 
' or Oxidation Di^tch ' 


500 


54 90 

r 


/ 48 80 




Rotating Bidlogical Contactor 

/■ 


800 


<■ 87.83 


57,68' 


145.51 


Trickling Filter 


800. 


87.83 


■ . 58.48 


146.31 


Complete Mix or Contact" 

Stabilization 

■ • * ' * 


1,000 


109^79 . 


> 74.41 


184.20 


Land Disposal (Inflitration/Percolation) 


* 








• ' ' ■ . • /* 
Including Primary Treatment * 

'including Secondary Treatment ^ 


800 
1,00Q 


87.83 
109.79 


65.10 
99.51 


1^2.93 
2(1)9.30 


Land Disposal (Irrigation or 

Overland Flow) ' ' 








/,, 


Including Primary Treatrn^nt 
Including Secondary Treatment 


940 
1,240 • 


103.30 
136.14 


8L54 
115.95 

9 


/i 84.84 
1 252.09 



Based on Engineering News-Record Construction Cost Index of 1900 
(EPASTPcostindex.= 183). ^ 

Capital Recovery Factor = 0.1098 (15 years at 7 percent interest). 
Based on values from Tables 17-5 and 17-6. 
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.TABLE 17-5 

CONSTRUCTION COSTS FOR UNIT P 
FOR WASTEWATER TREATMENT 



Process 

Raw Wastewater Pumping ( 1 mgd) 
Degritting and Flow Gaging (1 mgd) 
tvScreening, Degritting, and Flow Gag\ng (mgd) 
Sedimentation (1,000 ft^ surface area) 
TrickUhg Filter (5 ,006 ft^ media) , ^ 
Aeration Structures (3,000 ft3) 
Diffused Aeration (100-cfrrf^blower) 
Mechanical Aerators (.20-hp installed ^capacity) 
Recirculation Pumping (0.5 mgd) 



Chlorination Feed System (10 lb/day) 



Chlorination Contact Basin (2,000 ft^) i! 

I . ■ ■ \ ■ : 

Primary Sludge Pumping (40 gpm) 
Sludge DIgesitioh (2,000 ft^) \ 
Sludge Drying Beds (7,000 ft2) 



Administration an^ Laboratory Buildings (1 mgfi) 
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■ TABLE 17-6 

COST FUNCTIONS OF MUNICIPAL.WASTE TREATMENT.(7) (8) / 



'. Technology . 

Ordinary Treatment 

Primary Sedimentation . . 
^ . Activated Sludge 
Tridcling Filter 
Waste Stabilization Ponds 
. Upgrading Primary to 
Activated Sludge 
Ancillaty WorksV • 

Tertiary Treatment 

Microscreening . 
Filtration . 

Tworstage Lirae Clarificatiop 

< lOmgd 

> IGmgd 
Lime Precalcihation / 

< lOmgd 0 .* 

> iOm'gd . . 
Ammonfa Stripping ^ 

• < lOm^a" 

> lO^^mgd 
Carbon Adsorption 

<10mgd 

> 10 mg(J 



^Includes interceptors, outfalls, and purnping stations. 



NOTE: m^My mgd x 3,785: 





Regression Coefficient , 




Capital Costs 


"0 & M Costs" . 


a 


b 


d 


e , 


..675.7. 


-0.33 


1 
1 

25.0 


- -6.26 


912.<7 


r0.31. ' 


> 30.1 


-0.25 , 


i 942.0 


-0.31 


' 55.0 


-0.36 


2^863.1 " 


-0.61 


17.4', 


-0.42 


, 1A84.0 


' -0.41 






86.3 


-0.09 


- 


- 










■ 9.4 - 


: -0J2 


<f.3 ' 


-0.04 


207. 1 


-0.34 


' \51.3 ' 


-0.38 V 






\ 




140.9 


-0.26 • 


. 148X 


-0.44 


50.1 


-0^8 

KJ, 1 O . 


1 1 n • 


-u . ^ J 


1 ,9t)3.2 ' 


-0.50 


3ai\ 


-0.30 






9.4 


-0.21 






35.5 ' . 


-0.33 


22.7 


-p. 10 • 


3.5 ^ 


-0.13 


1,439.6 


-0.40'. • 


r,418.9 . 


-0.55 


s 79.0 


-0.14 


., 23.9 


0.20 



r 
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react wiffviiydroxylions'. Measur- 



"AGlbltY - Quantitative capaqtybf aqueous solution's to( 
. ^ ed 'by*'titrati9n,Mvith a standard, solution of a base to^ a specified end point: Usually i 
\ expressed as milligranis per liter of calcium carbonate. |. / / v ^ . 

'ACTIVA'fEb CARBON - Carbon "activated" by Ri^-1j'emperature^,heating\ith steam or ^ 
carbon dio>tide, producing 'ail internaP porous particle, structure. Totdl surface ^vp^yT' 
granlular activated carbon is estimated .t^ be'^UOdO m^/g^i . 

ADSORPTION' - Adhesion of ap extremely thin layer 6f molecules (ga^.or liquid) ta the 
surfaces of solids (e.g., granular activated carbons) oYUquids with which they . 

: AERATE- To penneate or saturate^ liquidywith ait; 

ALKALINITY Ca^jacit^ of water to neutralize acidsi, ^parted by the water's- content 6f 
carbonates, bicarbonate^, hy^oxides, and occasionally^orates, silicates, and phosphates, 
' ^ . -Expressed in milligrams per liter of equivalent calcium carbonate. 

V ^' ' ■ ' ^' ] ■ ; !^ ' ' ■ • ' 

AN^Xt^OBIC WA^¥E^REAtMENT''-r Waste stabilization brought ^bput by the action of 

, microorganisms in the' -absence of air or elemental' oxygen. Usually defers to waste treatment 

by iHelhane fermentation. . >^ - " ^ v ^ . 

ASSIMILATIVE CAPACItV - Capacity of a natural: bp4jj of water to receive 1) waste- . 
waters, without deleterious effects; 2) ^^ic materia!^,' without dam.age to aquatic lif^. or 
humans consuming the wateiy; and 3) BOD, within prescribe^ 

BACKWASH - Process by which water' is forced through a filtration bed in the directign 

opposite to the normal flow (usually " upward). During. backwashing,^t|ie-,g^^^^ 

expands, allowing material previously filtered out.to b,e= washed away.'r> ^ - " 

" ■ ■ . •• ■ . .* ^ ^-^ '.'^'i'-' . y ^ i 

BIO ASS AY Assay method using a change ih^biological activity as a qualititiveor quantita- 
tive^mea^s of analyzing tl\e response of biota to industrial w^st.^s and other waste\vater5.^^;';^ 
Viableorgdnisms, such as live fish or daphnia, are used as test organisms. ^ ' ; ' , 

^ ■ .V' * , ' . i f S / ^ ' " 

BI0CHEMICAL^0\YGEN demand (BOD) - Measure of the concentration of ofganiay 
impurities in wastewater. The amount of ^oxygen ^required by bacteria whfle stabilfeiflg* 
. % organic matter under aerobic conditions, expr^essed in milhgrams per liter, is determined 
entirely^ by the availabaity of material in the wastewaters to be us^d as biological fpod^and 
by the amount of oxygen utilized by the microorganisms during oxidation. ' ^ ' 

BjpLOQJCAL dXIDATION - Prokss in .\yhich living organisms in the presence of oxygen 
convert the organic matter contained in wastewater into a' more stable or mjweral form. > 

' BUFFER - Any- combination of chemicals used to stabilize the pH or alkalinities of 
solutions. • • ■ * \ '„ " . , 
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JYPASS V Pipe or channel that permits wastewater to be transported around a wastewater 
raeility or any unit of th^ facility. Usually found in facilities receiving combined flowj6r 
(high- infiltration rates, it js utilized to^prevent flooding of units; or, iti case of shutdown for 
repair work, allows the flow to be mbveS to parallel units. " ( 

CALIBRATION Determination, checking), of rectifying 9f the graduation of afty 
instrument giving quantitative measurements. v ' '* 

CHEMICAL COAGULANT - Destabilization and initial aggregation of colloidal andlfiaely 
divided suspended matter.by the addition of floc-forming chemical. 

CHEMICAL €:^YGEN DEMAND.(COD.) -^Measure of the oxygens:onsumrng capacity pf 
inorganic aqd organic ma^tter present, in water or wastewater, expressed as Ue amount of 
oxygen consumed fromivfa chemical oxidant in a specific test, irdoes not differentiatje 
befween stable and unstable organic 'matter and thus, does not necessarily correlate with- 
bio(^hemical oxygen demand. < > 

** ■ • ' " . . 

CHEMICAL PRECIPITATION ^fSeparating a^substance from a solution, resulting in the 
formaNon of r^elatively insoluble matter. ^ • 



CHLORINATJON Application of chlorine to water or wastewater, generally for the 
'purpose . . 

result's. 



'purpose^^ disinfection, -but, iVeque^tly /of accompli other biological or chemical 



'.CHLORINE CpNTAcPrHAMBfeR vDetehtioh basin in which a liquid containin^ffusecf 
ciTlorine is held for a'^ufflcienf time to achieve. a desired degree oT disinfection. 

CHLd^^RINE' DEMA>/d - Difference between the amount of chlorine added to the Waste- 
water ah^ the amoilnt of residual chlorine rerp^ining at the. end of ^Igcific contact time.. 
The 'chlorine demand' fongivt^n' water varies with the amount of chlorine applied, time of 
^ contact, tempefature,'pH, and nature and amount^of impurities in' the vvater. 

CLARIFICATION-*- Any process or combination of processes to redijce the concentration 
.of suspended matter in a liquid. ^ . 

'([QAriULATION ~ Process by which chemicals (cbagulants) are .added to an aqueous 
systpm, to render finely divided, dispersed matter with slow or negligible settling velocities 
into more rapidly settling^ aggregates. Forces that cause dispersed particles to repel each 
other a:re neutralized by the coagulants. 
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COLLOIDAL MATTER. - Dispersion of very small \\ m^ to 0.5 juj particles t-hat will not 
settle but'may be removed by coagulation or biochemical action or membrane filtration, 

COMMINUTION'— Process of cutting and serening solids contained .in wastewater flow . 
before ,it ^ehters the pumps or other units in thelpbatment plant. • 
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COMPOSITE WASTEWATER SAMPLE - Combination of individual samples of water or 
wastewater taken at selected intervals (generally hourly or Som6 similar specified period), 
to minimize the effect of the variability of the individual sample. Individual. samples may 
have equal volume or maybe roughly proportional to the flow at t<rne of sampling, 

DENITRIFICATION - Chemically-bound oxygen in nitrate or nitrate* ions stripped away 
by microorganisms, producing nitrogen gasv Which can cause floe to rise in the final 
sedimentation process. An effective method of removing nitrogen* from wastewater. 

DETENTION TIME - Average period of time a fluid element is retained in a basin or tank 
before discharge. ' ' 

1 ; 

DIALYSIS — ^Separation of *a colloid from a substance in true solution, by allowing the 
solution to diffuse through a semi-permeable membrane. 

DUAL MEDIA FILTRATION - Filtration process that uses a bed composed of two dis- 
tinctly (different granular substances (such as anthracite coal and sand), as opposed to 
conventional filtration throu^sand OTily. / • 

EFFECTIVE SIZE - Size of the particle that is coarser than 10,percent,by weight, of the 
material; i.e., the size sieve that*will permit 10 percent of the '^anular sample to pass while 
retaining the remaining . 90 percent. Usually determined by the interpolation of a 
cumulative particle size distribution. 

ELECTRICAL CONDUCTIVITY - Reciprocal of the^si^tance in ohms measure* between ^ 
opposite faces of a centimeter cube of an, aqueous telution at a specified temperature. 
Ejcpressed as microhms per centimeter "in degrees Celsius. 

ENDOGENOUS RESPIRATION - Auto-o?ddation of cellular material, which takes place 
inside a cejl in the absence of assimilable ^emal organic material, to furnish \the energy 
required for the replacement of exhausted components of protoplasm. 

ENERGY HEAD — Height of the, hydraulic grade line above the center line of a conduit 
plus'the velocity .head resulting from the m6an velocity of the water in that section, 

FATS - Triglyceride esters of fatty acids. Erroneously used as synonym »for grease. 

FLOC — Agglomeration of finely divided or colloidal particles resulting from certain 
chemical-physical or biological operations. > 

FOOD TO MICRO-ORGANISM RATIO (F/M) - Aeration tank loading parameter. Food 
may be expressed in pounds BOD added per day to the aeration tank; micro-organisms may 
be expressed as mixed liquor volatile suspended solids (MLVSS) in the aeration tank. 

FREEBOARD - Vertical distance from the top of a tank, basin, column, or wash trough 
(in. the case of sand filters) to the surface of its contents. 
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GAGING STATION - Point on a strejam or conduit at Which measurements of floW are 



customerily made and that includes 
and a control downstream from this 
measuring the elevation of the water 



I switch of channel through which the flow is unifqrm 
stretch. The station" usually has a recorder or gage for 
surface in the channel or conduit. 

\ 

GRAB SAMPLE - Single sample of \yastewater taken at neither set time nor flow. 



GREASE -'In wastewater, a group of substances, including fats, waxes, free fatty -acids, 
calcium and magnesium soaps, mineral oils, and certairi other nonfatty materials. The type 
of solvent and method uspd for extraction should be stated fox quantification, 

GRE>VSE SKIMMER - Device for removing floating grease or scum from the surface of 
wastewater in a tank. • 

GRIT CHAMBER - Detention chamber or an enlargement of a sewer, designed to reduce 
the velocity of fjow of the liquid, to permit the separation of mineral froijKbrganic solids 
by differential sedimentation. ,v ' . 

HARDNESS - Characteristic of water impart^c]| by salts of calcium, magnesium, and iron 
(such as bicarbonates,' carbonates, sulfates, chlorid.es, and nitrates), which qauses curdling of 
_soap, deposition of "scale in boilers, damage in spme industrial processes, and sometimes 
objectionable taste. It may be dSiermined bjj^a^andard laboratory prpcedure or computed 
from the amounts of calcium, ma^aesiJimTu-on, aluminim manganese, barium, strontium, 
and zinc, and is expressed as equivaleat calcium carbonate; 

HYDRAULIC LOADING - Quantity of flow passing through a column or packed bed, 
expressed in the units of volume per unit time per unit area; e.g., gal/min/ft^ (m^ /m^ 'si). 

HYDROPHILIC - Having a high afnnjty for water. 

HYDROPHOBIC - Having a low affinity for water. 

HYGROSCOPIC - Solid capable of absorbing moisture from the air without eventual 

dissolution in that moisture. ^. 

♦ 

HYPERFILTRATION - High pressure reverse osmosis process using a membrane that will 
remove dissolved salts as* well as suspended solids. ^ 

INDUST^IIAL WASTES -Ai^wL wastes from industrial processed as distinct from' 
domestic or sanitary wastes. , 

' " * ■ * 

INFILTRATION - Ground water that seeps into pipes, channels, or chambers through 
cracks, joints, or breaks. 

INFLUENT - Wastewater or other liquid (raw or partially treated) flowing into a reservoir, 
basin, treatment process, or treatment plant. ,^ • ^ . 



INORGANIC MATTER - Chemical substances of mineral origin; not of basically carbon 
structure, with animal or vegetable origin. . . # ^ . 



IONS - Atom or group of atoms with an unbalanced plectrostatic charge. 

yiPOND - 1) Shallow body of watei;, i.e., lagoon or lake; or 2) yond containing raw "or 
( 'partially ireated wastewater in which aerobic or anaerobic.stabilizatton occurs. 

METHYL-ORANGE ALKALINITY - Measure of the total alkalinity of an aqueous, 
suspension or solution, determined by the quantity of sulfuric acid required to bring the* 
\yater pH to a value of 4.3, as indicated by-the change in color of methyl orange. Expressed 
in milligrams CaC03 per liter. , 

MIC^OSCREENINQ — Form of surface filtration- using specially woven wire fabrics 
mounted on the periphery of a revolving drum. 

MIXED LIQUOR - Mixture of activated sludge and wastewater undergoing activated sludge^ 
treatment in the aeration tank. ** » ^ 

* 

MIXED LIQUOR SUSPENDED SOLIDS (MLSS) - Concentration .of suspended solids 
^ carried in the aeration basin of an activated sludge process. . . . 

MONITORING - 1) measurement, sometimes continuous, of water or wastewater quality ; 
or 2) procedure or operation of locating and measuring radioactive contamination, by means 
of survey instruments that can detect and measure, as dose rate, ionizing radiations. 

MOST PROBABLE NUMBER (MPN) - Number of organisms per unit yoLume that,* in 
accordance with statistical* theory, would be more likely (than any other n^imber to yield the 
observed test result with the greatest frequency. Expregs^d as density of organisms per 100 
ml. Results are computed from the number of positive findings of coliform organisms 
resulting from multioLp-portibn decimal-dilution plantings. 




NEUTRALIZATION - Reaction of acid or alkali with the opposite reagent until the con- 
centrations hydrogen and hydrdxyl ions in the^olution are approximately equ^l. 

NITRIFICATION - Conversion of nitrogenous matter to nitrates. 

NONSETTLEABLE SOLIDS - Suspended matter that does.not settle oj float to the surface 
of water in a period of 1 hour. 

ORGANIC MATTER - Chemical substances of animal or vegetable origin of basically 
carbon structure, comprising compounds consisting of hydrocarbons and their derivatives. 

OR(^ANIC NITROGEN — Nitrogen combined in organic molecules, such as protein, amines, 
an(^ amino acids. 



OVERFLO\^ RATE - One of the criteria for the design of settling tanks in treatment 
plants, expressed in gallons per day per squaTe foot (m^ /m^ *d) of surface area in the'settling 
tank. ' ' 



OXIDATION - Addition of oxygen to a compound. More generally, qjijM^ction involving 
ttie loss of electrons from an atom. 

• . " . ' • ' /J. 

OXIDATION POND OR LAGOON - Basin used fpr retention of wastevl^ater before final' 
disposal, in which biological oxidation of organic niateriaKis effecfted -by natural or 
artificially accelerated transfer of oxygen to the water Crom^air. , 

■ - . ' • * • " ' ' . ' ' " 

OXIDATION-REDUCTION POTENTIAL (ORP).- Potential )requitecfta^ansfef electrons 
frommhe oxidant to the reductant; use!d as qualitative measure ©f the 'state of oxidation in - 
wastewater treatment systems. ^ . ' • , i 

OXYpEN UPTAKE RATE - Amount of oxygen utilized^ by an activated sludge system 
during a specific time period. ' " ' ^ 

.PARSHALL FLUME ~ Calibrated device developed by Ralph farshall for measuring the 
flow of liquid in ,an open conduit, which consists essentially of a contracFirig length, a.-' 
throat, and an expanding length. A sill, over which the fI6w passes at critical depth, . ^ 
lo4:ated at the throat. The upper and lower heads are individually measured at a definite 
distance from the silf. The lower ^heaJ -need not be measured ^nless the sill is submerged ' 
more than about 67 percent. . *^ - ^ : 

' ^ ' V , ^ ■ ' ■ ' \ .: . 

PATHOGENIC ORGANISMS, Organisms, usually^ microscopic in size (e.g,, bacteria and 

viuises), that* may caLi3e disease in the Jiost organisms by their. parasitic growth. ' 

'pFT- Reciprocal of the logarithm of the hyd^^n^ion concentration. The concentratioh is 
the weight for hydrogen ion^\ in grams periu-er of solution. Neutral water; for example, has 
a pH value"^of 7 and hydrogen ion concentration of ICT? .'' " , ' . 

PHENt)tPHTHALEIN ALKALINITY - Measure of the hydroxides plus one-half the 
norjnal carbdnates in aqueous^suspension. Measured by the amount of sulfuric acid fequired 
to bring the water to a pH of 8.3/ as indicated by a change in color of phenolphthalein.' 
Expressed iA parts per million of calcium carbonate: 

. . ■ > ■ * ■■ 

PHYSICAL-CHEMICAL TREATMENT (PCT) PLANT - Treatment sequence in which 
physical and chemicar.processes are used to the exclusion of explicitly biological process' 
(including incidential biological treatment obtained on filter m^dia or absorptive surfaces)-. 
In 'this sense, a PCT ,schenie is a substitute .for conventional biological treatment. ^A PGT 
scheme following an existing. biological plant may; by contrast, be termed simply a tertiary . 
plant, iilthough it is also a PCT in a general sense. ' / . . , . - . • 



OVERFLON^ RATE - One of the cri 
plants, expressed in gallons per day per 5 
tank. ^ ' ' 

OXIDATION - Addition of oxygen to 
ttie loss of electrons from an atoni. 
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■ ■■■■■■ \ ■ 
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scheme following an existing, biological 
plant, Although it is also a PCT in a genei 



POLYELECTROLYTES ~ Chedticals .consisting of high niolefcular weight molecules with 
many reactive groups situated alo^ the length of the chain. Polyelectrolytes r<^ct with the 
fine particles in the vyaste and assist in bringing them tbgether into larger and heavier masses 
foFisettling. » * ^ ^ ^ 

/POSTtHLORINATION - Application of chlorine to the final treated wastewater or-. 
effluent following j)lant treatment. ' 

PRECHLORINATION - Chlorination at the head works of the plant; influent chloriniation 
prior to plant treatment. , * ^ 

PRIMARY SETTLING JAI^K - First settling tank for the removal of settle^ble solids 
.through which wastewater is passed in a treatment Works. ^ • 

PRIMARY TREATMENT - 1) First (sometimes only) major treatment in a ^stewater treat- 
ment works, usually sedimentation; or 2) removal of a substantial amount of suspended 
matter, but little or no colloidal and dissolved matter. 

RAW SLUDGE - Settled sludge promptly remoV^ from sedimentation tanks before 
decomposition has much advanced. Frequently referred to as undigested sludge. 

RECALCINATION - Process for recovering lime for reuse by heating spejit lime to high 
temperatures, thereby driving off water of hydration and carbon dioxide. 

RECARBONATION - Additibn of carbon dioxide to lime-treated water, to reduce the pifl- ^ 
of the waste for further calcium removal and/or stabilization of the water. \ 

RECIRCULATION RATE - Rate of return of part of the effluent from a treatment process 
to the incoming flow. ' 

RESIDUAL CHLORINE - Chlorine remaining in* water or wastewater at the end of a' 
specified cor^tact' period as combined or free chlorine. 

SALINITY - 1) Relative concentration of salts, such as sodium chloride, in a given water, 
usually expressed in terms of the number of parts per million of chloride (CI); or 2) 
measure of the concentration of dissolved mineral substances in water. ^ 

SAMPLER - Device used with or ^vithout flow measurement, to obtain an* adequate portion 
of water or waste for analytical purposes. May be designed for taking a single sample (grab), 
composite sample, continuous sample, or periodic sample. 

SANITARY SEWER - Sewer that carries liquid and water-carried human wastes from 
residences, commercial buildings, industrial plants, and institutions, together with mjnor 
quantities of storm, surface, and groundwater(s) tKat are no^ admitted intentionally. 
Significant quantities of industrial wastewater are not carried in sanitary sewers. ' 
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SCREEN - Device with openings, generaliy of uniform size, used to retain or remove 
suspended or floating, solids in flowing ^ater or wastewater and to prevent them from 
entering an intake or passing a give^i point in a conduit. The screening element may consist 
of parallel bar?, rods, wires, grating, wire mesh, or perforated plate; th^ openings may be of 
any shape, although they are usually circular or rectangular/ Also a device used to segregate 
granular material, such as sand , crushed rock, and soil, into various sizes. 

SECONDARY SETTLING TANK - Tank through which effluent from some prior 
tr^eatment process flows for the purpose of removing settleable solids, 

SECONDARY WASTEWATER TREATMENT. Treatment of wastewater by biological 
methods After primary treatment by sedimentatic 

SECOND-STAQE BIOLOGICAL OXYGEN DEMAN'b - Part of the oxygen demand 
assdciated With the biochemical oxidation of nitrogenous material. As the term implies, the 
oxidation of the nitrogenous materials usually does not start until a portion of the 
carbonaceous material has been oxidized during the first stage, - * 

SEDIMENTATION - Process of subsidence and deposition ®f suspended'matter carried by 
water, wastewater, or other liquids, by gravity. Usually accomplished by reducing the 
velocity of the liquid to below the, point at which it can transport the suspended* material. 
Also called settling. " ' • ' 

SELF-PURIFICATION - Natural processes occurring in a stream or other body of water 
resulting in the reduction of bi^cfiria, satisfaction of the BQD, stabilization of organic 
constituents, replacement of depleted llissolved oxygen, and the return of the stream biota 
to normal. Also called natural purification. 

SEMIPE-RMEABLE MEMBRANE '-farrier, usually thin, that permits passage of particles 
\up to a, certain size or of special nature. Often used to separate colloids from their 
'i^uspending liquid ; as in dialysis. , , 

' ' • ■" . 

^ETTLEABLfe SOLIPS - 1 ) Matter in wastewater that will not stay in suspension dur^g a 
preselected settling period (such as 1 hour) but settles tothe bottom or floats to the to>i, 2) 
in^he Imhoff cone test, the volume of matter that settles to the bottom of the cone in 1 
hotir. 

SKTJVIMING TANK - Tank so designed that floating matter will risd- and remain on the 
surface of the wastewater until removed, while the liquid discharges continuously undei\ 
certain walls or scum baffles. u 

\ ■ • ■ . ■ - ' 

SLOUfGHINGS - Trickling filter slimes that have been wasl^d off filter media. They are 
generally quite high in BOD and will degrade effluent quality unless removed. 

SLUDCjE age - In the activated sludge process, a measure of the length of timC^xpressed 
in days!) a particle of, suspended solids has been undergoing aeration. Usually computed by 
dividingt the weight of the suspended solids in the aeration tank by the daily addition of new . 
suspended solids having their origin in the raw waste. 
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SLUDGE VOLUME INDEX (SVI) - Numerical fexp'ression of tHe settling characteristics of 
activated sludge, The ratio of the volume in milliliters of sludge settled from a l.OOO^nl- 
sample in 30 minutes- to the concentration of mixed liquoF-in milligrams per liter multiplied 



by 1,000. 

i ' 

SODA ASH Sodium Carbonate (Na2lC03) 



STABILIZATION POND - Type of oxudation pond in which biological oxidation of organic 
mattefis effected by natUrdl or artificially .accelerated transfer of oxygen to the watef from 
air. ' 

STAFF GAGE - Graduated scale^ vertical unless otherwise specified, on a plink, metal , 
plate, pier. Wall, etc., used to indicate t le height of a fluid surface above a speci^ed point or 
datum plane. \ I ' 

STAGE-DISCHARGE RELATION - Relation between the water height, as indicated on the / 
staff gage, and the discharge of a stream or conduit at a gaging station. This 'relation is 
shown by the rating curve or rating table for such stations. 

STATIC HEAD - Total head, without reduction- for velocity head or lossels; for example, 
the difference in the elevation of headv/ater and tai^water of a power plant Also the'^^ertical 
distance between the free level of the source of supply ,^nd the point of free ciischarge of the, 
level of the free surface. 



STILLING WELL - Pipe, chamber, 
communicating with a main body of w 
ting the Water level within the well to 
bod>|bf water. Used with water-measuring 



SUBMERGED WEIR -Weir that, wheh in use, resultsjin the water level on the downstream 
^ sideyxising to an elevation equal to, oij higher than, tm vj^eir crest. The, rate of discharge Js 
affected by the tailwater. Also called drowned weir. 




or compartment with comparatively sm^all inlets 
ater. Used to Ja^mpert wavei or surges whil^ permit- 
rise an.d fall w^h the major fluctuations of the main 
devices, to pnprove accuracy of measurement. 



URFACE AREA — Amount of surfai:e area per unit weight of carbon, usually expressed in 
square meters per gram of carbon The surface area of activated carbon is usually 
determined from the nitrogen adsorption isotherm by ^ the Brunauer, Emmett, and Teller 
method (BET method). , 

SUSPENDED SOLIDS - Solids that fl^oat on the surface of, or are in suspension in, water, i 
wastewater, or other liquids, and that are largely removable by laboratory filtering. Also the 
quantity of material removed from wastewater in a laboratory, test, as prescribed in 
Standard Methods for the Examinafion of W0er and Wastewater and referred to as non- 
filterable residue. , 



THRESHOLD ODOR NUMBER - Te^t i^; based on comparison with an odor-free water, 
obtained by passing tap ^ater through, a column of activated carbon. The water being tested 
is diluted with odor-free' wgter until the odor is no longer detectable. The last dilution at 
which an odor is observed is the threshold odor number. 
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TOTAL ORGANIC CARBON (TOC)'-' Measure of the amount of organic material in a 
water sample, expressed »in milligrams per liter of 6arbon. Measured by Beckm^n 
carbonaceous analyzer or other ihstrurpentin which the organic compounds are catalytically 
oxidized toC02 Snd measured by an irlfrare'd detector. Frequently applied to wastewaters. 

TITRATION - Determination of a constituent in a known volume- of solution, by the 
measured addition of a solution of known sti^gth ^to completion of the reaction, as 
signaled by observation of an end point. 

TOTAL SOLIDS - Sum of dissolved and undissolved constituents in 'water or wastewater, 
usually expressed in milligrams per lit^r. \ . 

TRACER - Foreign substance mixed with, or attached ]to, a given substance Ibr the 
determination of the location or distribution* of the substance. Also an element or 
compound that has been made radioactive^so it san be easily followed (traced) in biological 
and industrial processes. Radiation emitted by tht radioisotope pinpoints its location, 

TURBIDIMETER^ - Instrument for measurement of turbidity, in which a stanclard 
suspension is generally used for reference. 

fURBIDITY ;H tondition in water or wastewater caused by the presence of suspended 
matter, resulting/ in *the scattering and absorption of light rays. .Measure Sf fine susp^Hfed 
matter in liquids.. Analytical quantity, usually expressed in Jackson turbidity units (Jfu), 
determint^d by measurements of light diffraction. ^ 

TURBULENT FLOW - Flow of a liquid past an object so that the velocity at any fixed 
psmt in^the fluid Varies irregularly. Type of fluid flow in which there is an unsteady motion 
of the particles and the 'motion at a fixed point varies in no definite' manner. Sometimes 
called eddy or sinuous flow. ^ 

ULTIMATE BIOCHEMICAL OXYGEN DEMAND (UBOD) - Quantity of oxygen required 
to satisfy completely both first-stage and second-stage biochemical oxygen demands. 

■> . . ■ ■ 

UNIFORMITY COEFFICIENT - Obtained by dividing the sieve opening in millimeters 
that will pass 60 percent of a sample by the sieve opening in millimeters that will pass 
percent of the 'sample. These values are usually obtained by interpolation of a cumulative 
particle size distribution. 

VOLATILE SQLIDS - Quantity of solids in water, wastewater, or other liquids lost on 
ignition dhhedr^solids at 600° 'C. , 

WET WELL - Compartment in which a liquid Js collected and held for flow equalization 
and tjien pumped (by system pumps) for transmission through the plant. 
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TOTAL ORGANIC CARBON (TOC)'-' Measure of the amount of organic material in a 
water sample, expressed »in milligrams per liter of fiarbon. Measured by Beckm^n 
carbonaceous analyzer or other ihstrurjjienfin which the organic compounds are catalytically 
oxidized toC02 ^nd measured by an irlfrareU detector. Frequently applied to wastewaters. 

TITRATION - Determination of a constituent in a known volume- of solution, by the 
measured addition of a solution of known sti^gth ^to completion of the reaction, as 
signaled by observation of an end point. 

TOTAL SOLIDS - Sum of dissolved and undissolved constituents in 'water or wastewater, 
usually expressed in milligrams per lit^r. \ - 

^ • ^ . ... 

TRACER - Foreign substance mixed with, or attached jto, a given substance Ibr the 
determination of the location or distribution* of the substance. Also an element or 
compound that has been made radioactive^so it san be easily followed (traced) in biological 
and industrial processes. Radiation emitted by th6 radioisotope pinpoints its location, 

TURBIDIMETER^ - Instrument for measurement of turbidity, in which a stanclard 
suspension is generally used for reference. 

fURBIDITy ;H tondition in water or wastewater caused by the presence of suspended 
matter, resulting/ in ^the scattering and absorption of light rays. .Measure 6f fine suspwC^ed 
matter in liquids.. Analytical quantity, usually expressed in Jackson turbidity units (Jfu), 
determint^d by measurements oflight diffraction. ^ 

TURBULENT FLOW - Flow of a liquid past an object so that the velocity at any fixed 
psmt in^the fluid Varies irregularly. Type of fluid flow in which there is an unsteady motion 
of the particles and the 'motion at a fixed point varies in no definite' manner. Sometimes 
called eddy or sinuous flow. ^ 

ULTIMATE BIOCHEMICAL OXYGEN DEMAND (UBOD) - Quantity of oxygen required 
to satisfy completely both first-stage and second-stage biochemical oxygen demands. 

UNIFORMITY COEFFICIENT - Obtained by dividing the sieve opening in millimeters 
that will pass 60 percent of a sample by the sieve opening in millimeters that will pass 
percent of the 'sample. These values are usually obtained by interpolation of a cumulative 
particle size distribution. 

VOLATILE SQLIDS - Quantity of solids in water, wastewater, or other liquids lost on 
ignition dhhedr^solids at 600° 'C. , 

WET WELL - Compartment in which a liquid. is collected and held for flow equalization 
and tjien pumped (by system pumps) for transmission through the plant. 



G-10 



U. S. GOVERHMEMT PRIMTIHG OFFICE: 1977-758-959 



